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^ (54) TlUe: SCREEN FOR THlB IDENTIFICATION OF AGENTS USEFUL IN THE TREATMENT OF CANCERS 

^ (57) Abstract: A method for identifying a substance which inhibits or prevents resistance to a chemotherapeutic agent or a ra- 
Q diotherapeutic agent and/or which may be used in the treatment of a cancer, which method comprises determining whether a test 
^ substance is an inhibitor of Grp78. Inhibitois of a nitric oxide synthase, inhibitors of Grp78 and substances identified in. a method 
1^ of the invention are usefnl in therapy. 



. WQ 2005/085862 , 1 . . PCT/GB2005/000839 

SClffiEN FOB Tfny/tDIgN™ OF AGENTS PSEFUL IN THE 

. ' . TREATMENT OF CANCERS 

Field of the Invention 

ITiis invention relates to mieftiods for scr^^ 
5 therapeutic agents identified in the screen are partic^ llie 
invention also relates to an antibody wWch rnay be used m canc^ the^^ 

Background to the Inv^ntjon 

Nitric oxide (NO) is a pleiotropic signal molecule which has been identified as a 
mediator for a wide range of physiological and pathophysiological events. The diverse 

10 cellular signalling properties of NO are in part, due to redox-sensitive interactions with 
metal and thiol containing proteins. One major doyoistream target-is the enzyme 
soluble guanyljd cyclase (sGQ. NO binding to the heme domain of sGC results in a 
200-400 fold increase in enzymatic activity, ^ 
of the intracellular messenger molecule cGMP. 

15 It has also been showja that NO can mediate some of it^^^ 

through mechanisms involving the transcriptional regulation of a nuinber of molecules 
including the p2 1 cyclin-dependent kinase inhibitor and, in the presence of calcium, 
c-fos and c^jun. In addition, NO can also increase p53 protein concentration: This 
results in an increase in p!53 stability and is likely to have effects on the transcription of 

20 p53-regulated genes. NO can also transcriptionally regulate the expression of fte 
vascular endotheUal growth factor, VEGF. 

Summary of the Invention 

In order to examine the role of NO on gene expression we have used a 
differential display protocol, involving the differential hybridization of mRNA-derived 
25 probes to normalized cDNA arrays. 

Using' this qjproach, we have shown that the generation of NO in a cell 
increases the expression of the hypoxia stress-induced endoplasnnc reticulum 
chaperone Glucose-regulated protein 78 (Gip78) and results in cellular resistance to the 
^optotic agent thapsigargin. . . 

30 Ttese results are highly significant in the context of cancer then?)y. It seems 
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thatNOnmypiay apathopiysiolo^calrolem ; 
piotecting tumors from agents that cause cell damage. NO production in cancer cells 
may thus con£er resistance to chemottierapeutic agents. 

Om findings open up a totially new strategy for cancer ther^y, suggesting that ^ 
5 administration of an inhibitor of NOS or an inhibitor of (5rp78 can be used in 
■ . combination with a chemotherapeutic agent or a radiotherapeutic agrat to sensitize NO- 
. producing tumor cells that would otherwise be resistant to ^optotic killing V ; 
mechanisms. Screening forinWbitorsofGrp78 shouIdaUowsubstances to.be 
identified wWch wiU be usefid in therapy^particularly^^ 
10 In view of these results, we decided to target the surface-local^ 

. protein using single-chain antibody variable firagments (scFv) and to determine if such 
antibodies possessed cytotoxic and/or cytostatic properties. Pannktg of human phage 
display scFv libraries against recombinant Grp78 followed by further roundsf of 
screening against whole cells resulted in the isolation of novel anti-Grp78 scFv, 
15 Exposure of breast and prostate cancer cells to anti-Gip7S scFv results in profound 
inhibition of growth. Furthennore, the ariti-Gip78 scFv can attenuate the Grp78- 
mediated protection against tiiq)sigargin.(^^ 

Taken as a whole, these data suggest that Grp78 should be considered as a new 
target for cancer diagnosis and therapy. 
20 According to the present invention there is tims provided a method for 

identifying a substance which inhibits or prevents resistance to a chemotherapeutic 
agent or a radiotherapeutic agent and/dr which may be used in the treatment of a 
cancer, which method comprises determining whether a test substance is an inhibitor of 
Grp78, 

25 . The invention also provides: 

- aninMbitor of Gip78 for use in a method of treatment of the human or aniinal 

body by therapy; 

- useof ahinhibitQrofGrp78inthemanufecture.of amedicainentfbrusem^ 
inhibiting or preventing resistance to a chemotherapeutic agent or a 

30 radiotherapeutic agent; 

- use of an inhibitor of aNOS in the manufacture of a medicament foruse in 
inhibiting or preventing resistance to archemoth^rsqpeutic agent or a 
radiotherapeutic agent; 
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. ^ use of an iphibitordfaGi^ 

T- a method of treating or preventing resistance to a chempfherapeatic agent or a : 
. . radiotherapeutic agent in a host, which method coiiq>rises the step of 
5 administering to the host an effective amomt of 

inhibitor of a NOS; 

- a method oftreating a cancer in a host, which method comprises the step of : 
adininisterfng to the host an effective amoiint of an inhibitor of Grp78; 

; a substaince identified by a method of the invention for identifying a substance 

.10 which iidiibits or prevdats resistance to a chemotherapeuti^^ 

radiotherapeutic agent and/or wUch may be used in the treatment 6^ 

- a substance of the invention for use in a method of treatnient of the human or 
animal body by therapy; 

-T . useof a substance of the invention in the manufachire of a medical 
IS in inhibitmg or preventing resistance to a chembtherapeutic agent o^ 

radiotherq)eutic agent; 
. - use of a substance of the invention in the maiiufacture of a medicament for lise 
in the treatment of a cancer 

- a inethod of treating or preventing resistance to a cheinotherapeutic agent or a 
20 radiotherapeutic agent in a host, which method comprises the step of 

adniinistering to the host an effective amount of a substance of the invention; 

- ' a method ofa cancer in a host, which method comprises the step of 

administering to the host an effective amount of a substance of the invention; 

- products containing an inhibitor of a NOS and a chemotherapeutic agent or a 
25 radiother2q)eutic agent as a combined preparation for simultaneous, separate or 

sequential use in the treatment of a cancer; 

- products containing an mhibitor of Grp78 and a chemotherapeutic agent or a 
. radiotherq>eutic agent as a combined prq)aration for simultaneous, s 

. sequential use in the treatm^t of a cancer; 
30 - products containing a substance ofthe invention and a chemothers^eutic agent 
or a radiotherapeutic agent as a combined preparation for simultaneous, 
separate or sequential us^e in the treatment of a cancer; 

- use of an inhibitor of a NOS in the manufacture of a medicament for use with a 
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chemofherq>6utic agent or a radioth^apeutic agent in the tr^tment pf a cancer; 
use of an inhibitor of Gxp78 in the manufactiie of a medicaniiBnt for use wife a 
chemotherapeutic agent or a radiothenqpeutic agent in the treatment of a cancer; 

- useof a substance of the invention in the manufecture of 

5. with a chemotherapeutic agent or a radiotherapeutic agent in the treatment of a 

cancer; 

- a method of treating a host suffering from a cancer, which method comprises 
the step of administeriiig to the host eflFective amounts of an inhibitor of NOS 
and a chemothCT^eutic agent or a radi6ther£q)e^^ 

10 - amethodoftreatuigahostsuffOTngfromacm^ 

the step of administering tit) the host effective ainounts of an inhibitor of Ghrp78 
and a ch^otherapeutic agent or a iadiotherq)eutic ag 
a method of treating a host suffmng from a cancer, which method comprises 
the step of administering to the host effective amounts of a substance of the 

15 invention and a chemotherapeutic agent or a radiotherapeutic agent ; 

- a method for determining the presence of a cancer in a subject, which method 
comprises typing the gene encoding GrpTS in the subject; and 

an scFv having the sequence set out in SEQ ID NO: 2 or a functional variant 
thereof 

20 Brief description of the Drawings 

Figure 1 shows increase of Grp78 expression by NO. a Gene expression 
profiles hi uninduced and induced (10 jiM muristerone A, 16h) EcR293 clone 11 
subclone-1 cells. On well D12, Grp78 expression is 3-fold higher in induced cells as 
compared with uninduced cells, b. Northern blot analysis of Grp78 mRNA fit)m either 

25 tetracycline-induced Tex293 clone 22 cells unmduced OLaiie 1) and induced (Lane 2 - 
labelled tet-22) or muristerone A treated EcR293 clone 1 1 subclqne-1 cells uninduced 
(Lane 3) and induced EcR293 clonel 1 subclone-1 cells (Lane 4). c. Scanning 
densitometry was used to normalize Gip78 mKNA leyels relative to thosie of p-actin in 
uninduced and induced cells. Values are means (±SD) from three separate experiments. 

30 d. Western blot analysis of Grp78 protein from the uninduced cells and induced cells in 
the presence of tetracycline or muristerone A. a-tubulin was used as a control. 
Western blot analysis of Grp78 protein in Tex293 cells treated with the NO donor 
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DBTA-NONOate. f. NO-diependrnt increase in Gip78 promoter activity. Upper panel, 
the Gip78 promoter region, which contains 3 endojplasmic reticulum stress response 
elements (bRSE) fused with a luciferase reporter gene in the vector (pGL3 basic). 48 h 
after transient transfebtion of tiie construct into Tex293 cells, the cells were treiated 
5 . with different doses of DiETA NONOate. The relative luciferase activities were 
; calculated as described in Song et al (Cancer Res. 15, 8322-8330, 200 1) after co- 
. \ transfection of the promoter-reporter plasmid and the internal control plasmid pRL-tk. ' 
. Figure 2 shows NO-mediated cytoprotection against thapsigargin (TG)-mediated 
. toxicity, a. The Griess reaction was used to measure NO in the medium of EcR293 
10 done 11 subclone-1 cells MuA= 10 (iMmuristerone^^^^ 
inurist^rone A plus 20 I^MO. b. Cytotoxidty 
/ inuiisterone A-induced and uninduced cell culture. Values are the means (*SD) of 
three replicates. **P < 0.01 indicates a significant difference between uninduced and 
induced cells, c. Grp78 antisense oligonucleotides attenuates the NO-mediated 
15 cytoprotection against TG toxicity. EcR293 clone 1 1 subclone-1 cells were induced to 
generate NO by treatment with muristerone A (10 jiM) for 16 h. Either 20 ^lM Grp78 
antisense, or Grp78 sense oligonucleotides were added during the induction time. The 
cell culture then treated with 37 ng/ml TG, and TG-mediated cytotoxicity was 
determined by LDH induced after 48 h treatment. Values are the means (± SD) of tiiree 
20 replicates. **P < 0.01 indicates a significant difference between uninduced and induced 
cells, d. CMV promoter driven human Grp78cDNA construct, pLP-Grp78 (see 
GenBank accession no. Ml 9645 [gi: 183644] for the human Grp78 nucleic acid and 
. amino acid sequmces), was transfected in EcR293 cell and selected with G418 to . 
establish a permanent cell line, which expresses 3-4-fold more Grp78 protein than the 
25 empty vector control (upper panel). The cell culture then treated with 19ng/ml of TG 
and cytotoxicity of TG was determined by LDH aifter 48 hrs treatment. Values are the 
means (± SD) of three replicates. **P < 0.01 indicates a significant difference between 
GTp78cDNA transfected cell and the control empty vector transfected cells. 
Figure 3 shows that Gip78 naKNA is over-expressed in human bea^ 
30 cells. Total KNA was isolated from paired tumor (T) and adjacmt normal tissue (N) 
and subjected to norfhem blotting with a Gip78 cDNA probe and witii a h 
probe. Scaimingdensitometiy was used to noraiaK2e Gip78mRNA levels rel^^ 
those of 28S RNA (Ettddium bromide staining). The relative fold-increase is given in 
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conqiarison between tumor samples and nom 

Figure 4 shows that cytokme inductioh of NO, or exoigenous administration of ^ 
an NO-donor in breast cancer cell lines iq)-regulates Grp78. a. human breast cancer cell 
lines (MCF-7 and ZR75-1) were induced by cytokine cocktail mixture (CCM) for 24 h. 

5 ' The Griess reaction was used to measure NO in the medium of 1 0^ cells in the preseiice 
or absence of NOS inhibitor, L-NIO. b. mRNA was isolated jfrom both cell lines and 
subjected to northem blotting with a Grp78cDNA probe. P-actin was used as a control, 
c. Scanning densitometry was used to normalize Gip78 mKNA levels relative to those 
of P-actin. Relative.fold-increase is given in comparison between CCM induced or 

10 iiiiinducedceUcidtures/d.iBxogenous administration of m 

NONOate) to breast cancer cell line ZR75-L mRNA was subjected to northern blotting 
wth a Gip78cDNA prober P-actin was used as a control e. Scanning 
densitometry was used to nonnalize Gip78 inRNA levekr^ 
Relative fold-increase is given in comparison of untreated and t^ 

15 different doses of DETANONOatd 

f. Westerablot analysis of Grp78 protdn induction foUowing treatment of the MCF-7 
tet-onGrp78 cell line with 10 ng/ml of doxycycline. a-tubulinwas usedasacontrol. 

g. Treatment of breast cancer cell lines MCF-7 arid ZR75-1 with antisenserGrp78 
oUgonucleotides (20. mM) results in increased cytotoxicity of TG as determined by the 

20 LDH assay Values are the means (db SD) of three replicates. **P < 0.01 indicates a 
sijgnificant difference between untreated and treated with sense oligonucleotides. 

Figure 5 shows the effect of anti-Grp78 scFv on cell viabiUty. A. 10 ^.g of 
Grp78-scFv clohe-1 9 was added to the culture medium of EcR293 clone-1 1 subclone-1 
' . cells to determine if the antibody could reverse the NO mediated cytoprptection against 

25 TG. Control cells were treated with 10 fig of scFy-20 (a negative control scFv that does 
not recognize Grp78). Treatment of the cells for 48 h r^ulted in a significant (more 
than 50%) reduction in ceU survival m TG-treated N^ 
with the same concentration of control ahtfcody had no significant effect on cell 
viability. B- Apoptosis of prostate cancer PC3 cells (followmg staining with Hoechst 

3 0 33342). PC3 cells alone m the absence of any further treatment e3chibited very little 
apoptosis. Treatment with either TG or Grp78-scFvclone-19 showed inc^ 
^optosis. The combination of Grp78-scFv clone-19 treatment and TG showed the 
most cell death.' 
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Figure 6 shows that liie anti-Gip78 scFv-19 1^^^ 
Threcl cell lines (ZR75-1, PC3 and HB3) cells were treated with 50 ^g/ml of Ni-pmified 
soluble scFv-19. The growth rate was determined using a Beckman Coulter (Z2 series) 
Counter. Non-Gip78-reactive scFv-20 was used as a control. The panels show that the 
growth of both the breast cancer cell line ZR75-1 (A) and the prostate cancer cell line 
PC3 (C) is significantly retarded foUowing treatment with the 
"[: while the growth of the non-breast cancer luminal cell line HB3 (B) is not affected 

Figure 7 shows the nucleotide and deduced amino acid sequences for Grp78-: 
scFv clone-19. The complemeatarity determining regions are shown underlined. 
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Brief desciiptilon of the sequence listing 

SEQ ID N0:1 sets out the nucleic add sequence of the scFv of the mvention. 
SEQ ID NO: 2 sets out the aniino acid sequence of the scFy of t^^ 

Detailed Description of the Invention 

15 Throughout the present specification aiid the accompanying claims the words 

"comprise" and "include" and variations such as "comprises", "comprising", "includes" 
and "including" are to be interpreted inclusively. That is, these words are intended to 
convey the possible inclusion of other elements or integers not specifically recited, 
where the context allows. 

20 We have been examining the biological consequences arising fifom the 

CTpressiori of NOS activity in a cell. NOS activity has been rq)orted in both cancer 
cell lines and in tumour biopsies, and while high concentrations of NO appear to have 
. anti-tumor properties, lower concentratipiis are thought to promote t^ 
neovascularisatfon. Exposure of a cell to NO has been shown to alter the expression of 

25 the cellular transcriptome, and in order to study this process systematically we have 
developed two regulated cell expression systems where an inducible NOS (iNOS) 
cDNA is placed under tiie control of either a tetracycline or an ecdysone-inducible 
promoter. Following transfection, the resulting cell lines can generate NO in a dose- 
and time-dependent manner at concehfarations found in biopsies of human tumours. 

30 Using DNA-microarray^, we have shown that NO-generation in a cell results in 

the up-regulatidn of genes important in the protection of cells from enviromnental 
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stress. These include Ae DNA-dependent protein-kinase catalytic subuiiit (DNA-PKcs) 
and the glucose-regulated protein (Gip78). the sequences of various Gip78 gmes 
their products) are badily available to those skilled in the art For example ^unan 
Gip78 has &e GenBank accession number M19645 ^[^^^ 
5 Reference to GipTS herein encompasses all Grp78 genes (and the associated 

. gene products), including that having the accession number set out above (also see 
Ting and Lee, Human g«ae encoding the 78,000-dalton glucose-regulated pr^^ 
its pseudogene: structure, conservation, and regulation, DNA 7 (4), 275-286, 1988) and 
also non-human variants found in other species, for example the corresponding gene 
10 and gene product in a non-human animal such as a mammal. 

Tumour cells treated with chemotherapeutic agents or radioUierapeutic agents 
often become resistant to the toxicity of that agent. We have identified an iiiq)oita^^ 
' principle underlying the molecular mechmiism which leads to the evocation 6f 
resistance to toxicity. 
IS We have found that increased NO generation by cells results in 

expression of the stress-induced endoplasmic reticulum chq>erone Gip78 in those 
cells. It is that increase in Grp78 expression &at confers resistance to the toxicity of. 
certain chemotherapeutic agents and radiotherapeutic agents. This phenomenon may 
be referred to conveniently as NO-mediatedGxp78 resistance to stre^^ This protection 
20 extends to ttie toxic effects of agents such as thapsigargin (TG). 

■ These findings have led us to make the hypothesis that exposure of cells to sub- 
lethal *priming* wijth NQ may result riot only in protection against higher 
concentrations of NO but also in protection from other cytotoxic aigents, including 
. reagents used tharapeuticaUy in the treatment of cancer. 
25 The link we have established between increased NO generation, increased 

Gip78 expression and resistance to chemotherapeutic agents and radiotherapeutic 
agents presents.a new target for the identification of substances usefiil in methods of 
treatment of the human or animal body by therapy. 

To test this approach, we have targeted Grp78 as this protein is up-regulated by 
30 NO and is located on the surface of tunior cells making it accessible to antibodies. 
This has lead to the identification of scFv which targets cell surface localized Gip78. 
We have shown that NO-generating cells are resistance to thapsigargin by a process 
involving Grp78. However, when cells are treated with an anti-Gip78 scFv, there is a 
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significant leduction in cell survival indicating tbat (he antibody represents a 
ther^eutic approach for the treatment of cancers (perhaps in combination with . . 
thapsigargin or imdogs ttierepQ in situations where 

The invention thus provides a screening method for identiftr^ 
.5 . which inhibits the resistance of a cell, typically a cancer/tumor cell, to the toxicity of a 
chemotherapeutic agent or a radiotherapeutic agent. Such a method may be used in the . 
identification of a substance which may be used in the treatment of a cancer. A method 
of the invention comprises detennining whether a test substance is cap^^ 
inhibiting or preventing resistance to a chemotherapeutic agent or a radioth^:apeutic 
10 agent. Substances identified in this way may be used in the treatment of a cancer. In 
particular, ti method of the invention comprises deternodiiing wheth^ a test substance is 
an inhibitor of Grp78. Alternatively, a metfiod of the invention may comprise 
determining whether a test siibstance is an inMbito 

The sldlled person may thereby detemiine whether or not the test substance is 
IS . one which inhibits the resistance of a cell, typically a cancer/tumor cell, to the toxicity 
of a cheniother^eufic agent or a radiotherq)eutic agent and/or one which may be used 
' ^ .■ in the treatment of a cancer. 

A substance identified by a method of the invention, an inhibitor of Gip78 or an 
inhibitor of a NOS can be used in a method of treatment of the human or animal body 
20 by therapy. Typically such substances will be used in a method of inhibiting or 

preventing resistance to a chemotherapeutic agent or a radiotherapeutic agent or in a 
method of treatment of a cancer. Those substances may therefore be used to treat 
resistance to a chemotherapeutic agent or a radiotherapeutic agent in a host or to treat a 
. cancer. 

25 A substance identified by a me&pdof the invention, an iiihibitor of Grp78 or m 

inhibitorof a NOS may be used in the treatment of a cancer. Thehostmaybea 
human or animal host 

A substance identified by a method of the invention, an inMbitor of a NOS 
an inhibitor of Gip78 may be used in combination witfi a chemotherapeutic ageiit or a 
30 radiotiierapeutic agent in a method oftreatment of the human cranio 

therapy. Thus, the invention provides products containing an uahibitor of a NOS, an 
inhibitor of Gip78 or a substance identified by a method of the invention and a 
chemotherapeutic agent or a radiotherapeutic agent may thus be used as a combined 
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preparation for sunultaneoiis, separate or sequential use in inhibiting or preventing . 
resistance to a chemotherapeutic agent or a radiotherapeutic agent. In particular, 
combinational, therapy will.be useful in a method of treatment of a cancer. ■ , 

■ The phrase "inhibiting or preventing resistance to a chembthCTapeiltic agent or a 
. 5 radiother^eutic agent" encompasses situations where a reduction in the level of an 
existing resistance to a chemotherapeutic agent or a radiotherapeutic agent is achieved. 
- : The phrase also encompasses the prevention of resistance to a chemotherapeutic agent 
or a radiotherapeutic agent resistance, i.e. the use of an inhibitor of a NOS, an inhibitor 
of Grp78 or a substance identified by a method of the invention to prevent r^stance to 
lb a chemotherapeutic agent or a thenqpeutic agent developing in the first place or to 

reduce the amount to which resistance to a chemothdra^ieutic agent or a fadiothei^utic 
agent develops. That is to say, combinatorial treatmrat using a chemo&erapeutic agent 
or a radiotherapeutic agent and a substance identified by a method of the invention, an 
inhibitor of Grp78 or an inhibitor of a NOS, reduces the degree to which resistance to a 
IS chemotherapeutic agent or a radiotherapeutic agent develops CO 
with that chemotherapeutic agent or that nuhotiierapeutic age^^ 

The invention provides a method for idoitifying a substance which inhibits cell 
resistance to the toxicity of a chemotherapeutic agent or a radiotherspeutic agent or 
which may be used in the treatment of a cancer. Typically, such a method of the 
20 invention comprises determining whether a test substance is an inhibitor of Grp78. 
However, a method of the invention may additionally or alternatively comprise 
determining whether a test substance is an inhibitor of a NOS, 

An inhibitor of a Grp78 is a substance which inhibits e^qpression, for example 
trmscription and/or translation, of a Gr^78 gene and/or inhibits activity of tiie Grp78 
25 polypeptide. 

An inhibitor of a NOS is a substance Which inhibits expression, for example 
transcription and/or translation, of an NOiS gene and/or inhibits activity of a NOS 
enzyme. An inhibitor of a NOS may be an inhibitor of eNOS, nNOS or iNOS. 
Preferably, the inhibitor wiU be a specific inWbitor of a particular N A 
30 specificinhibitor of aNOS isoformis one that mhibits theNOS isoform for which it is 
specific to a significantiy greater degree than the other isoforms^ Typically it will 
inhibit the isoform for which it is specific at least 2x as much as it inhibits aiiy other . 
isoform, for example at least Sx as much as any other isoform, m particular at least lOx 
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as much as any ottier isoform. Preferably, the specific inhibitor wiD inhibit the NOS 
isofoim foi" Which it is specific, but will have substantially no inhibitory effect on the 
other NOS isoforms. 

InluTjition in this context kdicates a rrf 
: 5 . . to the level of activity observed in the absenbe of an inhibitor. 

Clearly, an inhibitor identified by a method of the invention/ m 
GRP78 or an inhibitor of a NOS may inhibit transcription and/or translation of the gene 
; against which it acts and/or activity of the polypeptide against which it acts. An 
. : inhibitor of the invention may act by binding to the relevant pol)^ Ultunately, 
10 however, the cumulative ovcsrall effect wiU be imp 
the jurtive spedes. Thus, when a substance in^ 

effective "activity" of the corresf^^ Althbugjithe 

. activity per mole of polypeptide will be mialtered; the amount of polypeptide will be 

. . simply diminished. 
15 TypicaUy, an inhibitor suitable for use in the invention win be specific 

GTp78, which is to say thiat it will inhibit .Grp78 to a substantially greater degree than 
any other gene or gene product In particular, a specific inhibitor will inhibit Gip78 to a 
degree of about 2 to 1000 times, for example about 10 to 500 times, in particular about 
50 to 100 times that to which.it inhibits any other gene or gene product. For example, a 
* 20 Grp78 iidiibitor may be one which inhibits Gip78, but which substantially does not . . 
inhibit any other gene or gene product 

A Gip78 (or NOS) inhibitor suitable for use in the invention may act by binding 
directly to the promoter of a gene encoding Grp78/NOS, thus preventing the initiation 
of transcription. Alternatively, an inhibitor could bind to a Grp78/NOS 
25 . polypq)tide/polypeptide complex which is associated with the promoter and is requn 
for traniscription. This naay result in reduced levels of transcription. 

An inhibitor may also inhibit expression of Grp78^0S by binding directiy to 
the untranslated region of an mKNA of a gene encodmg Gip78/^ 
the initiation of translation. Alternatively, an inMbitor may bind 
30 polypeptide/polypeptide complex associated with the untranslated region and prevent 
that polypeptide/polypeptide associating with the untranslated region. 

An mWbitor of flie activity of Ihe Grp78/NOS gene product pathway ^^^^^ 
inhibitor which acts on the enzymatic activity of the polypq)tide encoded a Grp78/NOS 



wo 2005/085862 PCT/GB2005/000839 

gene) may do so by binding to such a Gip78/NpS. Such inhibition may be reversible or 
irreversible. An irreversible inhibitor d^^ 
. becomes very tightly bound to tiie enzyme, either cbvalently or non-covalentiy. 

Rev^ible inhibition, in contoast with irreversible inhibition,.is charactOTsed by a rapid 
5 dissociation ofthe target-inhibitor complex. 

The inhiT)itor may be a competitive inMbitor. In 
Gip78/NOS can bind substrate (forming a Grp78/NOS-substrate complex) or inhibitor 
(GrpTS/NOS-inhibitor complex) but not both. Many competitive inhibitors resemble 
. the substrate and bind the active site of the Grp78/NOS. The substrate is therefore 
10 prevented from binding to the same active site. A competitive inMbitor dimimshes the 
rate oifcatalysis by reducing the proportion of Gip78/NOS molecules bound to a 
substrate. 

The inhibitor may be a noncompetitive inhibitor. In non-co^ 
inhibition^ which is also reversible, the inhibitor and substrate can bind simultaneously 

15 to a Gip78/NOS molecxile. This means that their binding sites do not overlap; A non- 
competitive inhibitor acts by decreasmg the turnover number of Gip78/NOS rather than 
hy HiminiRhing the pTttportion of Grp78/NQS molecules that are bound to substrate. 

The inMbitor can be a mixed iiihibitor. Nlixed inhibition occ^ 
inhibitor affects both the binding of substrate and alte^ 

20 Grp78, ' 

An inhibitor of a Grp78/NOS may act by binding to the substrate of such a 
Grp78/NOS . The substance may itself catalyze a reaction of the substrate, so that the 
substrate is not available to the Grp78/NOS. Aitematively, the inhibitor may simply . 
prevent the substrate binding to the Grp78/NOS. 

25 Suitable inhibitors may be antibody products (for example, monocloiial or 

polyclonal antibodies, single chain antibodies, chimaeric antibodies, CDR-grafled or 
humanised antibodies) which are, for example, specific for a Gip78. Antibody 
fragments may be used, including Fv, F(ab') and F(ab')2 fragajienfs, as well as single 
cham antibodies. In addition, suitable inUbitbrs may be the products of so-called 

30 phage-display hbraries, where recombinant phage is used to CTcpress single-chain 

fragments (scFv) of diverse antibody complexity' In this latter case, heavy and Ught 
chain variable regions are joined together using a flexible linker. 

Suitable antibodies may be raised by standard techniques and are specific for a 
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polypeptide of the invention. Such antibodies could for example, be usieful in 
purification, isolation or screening methods involving.inmiunoprecipitation techniques, 
may be used as tools to further elucidate the function of Gip78 and inay be used as 
therapeutic agents in their own right 
5 Antibodies may also be raised against specific epitopes of the proteins according 

to the invention. An antibody, or other compounds, "specifically binds" to a protein 
.. whenitbinds.withhighafBnity to the protein for wMch it is specific but sub 

does not bind, or binds with only low affinity to other proteins. A variety of protocols 
.. for competitive binding or immimoradiometric assays to determine the specific binding . 
lb capability of an antibody are well known in the art. Such famnimoassays typically 
inVolve the formation of conq>lexes between the specific protein and its antibody and 
/ the measuriemeitf of comply formation. . 

Antibodies of the invention niay be antn^odies to human polyp 
fiagments thereof. For the purposes of this invention, the temi "antibody", unless 
1 5; specified to the contrary, includes fiagments of whole antibodies which, maintain their 
binding activity for a polypeptide encoded by a polynucleotide of the invention, a 
' polypeptide of the invention or a fragment fliereof Such fragments include Fy, F(ab') 
and F(ab')2 fragments, as well as single chain antibodies. Furthermore, the antibodies 
and fragment thereof uiay be chimeric antibodies, CDR-grafled antibodies or 
20 humanised antibodies. 

Antibodies suitable for use as inhibitors of the invention can be produced by any 
suitable method. Means for preparing and characterising antibodies are well known in 
the art, see for example Harlow and Lane (1988) "Antibodies; A Laboratory Manual", 
cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY. For example, an 
25 antibody may be produced by raising antibody in a host animal against the whole 

polypeptide or a fragment thereof, for example an antigenic epitope thereof, herein after 
the "immunogen". 

A method for producing a polyclonal antibody comprises immunising a suitable 
host animal, for example an experimental aiiimal, with the immimp 
30 immunoglobulins fi:om the serum. The animal may therefore be inoculated with the 
immunog^ blood subsequentiy removed froni the animal and the IgG fraction 
purified. 
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A method for producing a monoclonal antibody couqpiises immortalising cells 
which pn>duce the desired antibody. HybridomaceUis may be produced by fus 
. splbenceUsfiom an inoculated experimental aninaalwi&tui^ 
Mlstein (1975) iVflmre 256^495-49^^ 
5 An immortalized cell producing the desired antibody may be selected by a ;. 

conventional procedure. The hybridomas may be grown in culture or injected 
intrapeiitoneally for fomiation of ascites fluid or into the blood stream of an allogenic 
host or immunocompromised host Human antibody may be prepared by in vitro 
immunisation of hunian lymphocytes, followed by transfonnatioh of the lymphbcyties 
10 with Epstein-Bair virus. 

For the production of both monoclonal and pblyclonal antibodies, the . 
e^ei±nental animd is suitably a goat, rabbit, rat or mouse. Camels, Uanias or sharks 
may be used if it is desircjd to isolate single chain antibodies. Thus, nanobodies may be 
used in flie invention as inhibitors of Grp78. Nanobodies are derived fibm naturally 
IS occurring single-chain antibodies. The stmcture of such antibodies consists of a siagle 
yaiiable domain (VHH), a hinge region, and two constant domains (CH2 and CH3). 

If desired, the immunogen may be administered as a conjugate in wl^ch the 
immimogen is coupled, for example via a side chain of one of the amino acid residues, 
to a suitable carrier. The carrier molecule is typically a physiologically acceptable 
20 carrier. The antibody obtaiaed may be isolated and, if desired, purified. 

Humanized antibodies may be obtained by replacing components of a non- 
human antibody with human components, without substantially interfering with the 
abiUty of the antibody to bind antigen. 

Defined chemical entities, peptide and peptide mimetics, oligonucleotides or 
25 natural products may also be suitable inhibitors. A suitable inhibitor may be a chemical 
compound, for example a small molecule or an ^tamer. 

An inhibitor of Gzp78 may act via an antisense mechanism or via an RNA 
interference mechanism (RNAi). 

An inhibitor of Grp78 which acts via an antisense. mechanism may comprise a 
30 polynucleotide which has substantial complementarity to a^ 

such an enzyme. A polynucleotide which has substantial sequence complementarity to 

aU or part of an mRNA of Gip78 is typically one which is capable of 

such an mRNA. If the inhibitor has substantial complementarity to a part of the mBNA 
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. of Grp78, it geaerally has substantial con^lemeiitarity to a contiguoTO set of 
nucleotides witbin fM n^RNA. 

Th^e are, generally speaking, two antisense approaches which may be used in : 
the invention 

5 . In one qjproach, a vector is used which allows for the expression of a 

polynucleotide which has substantia sequence complementarity to all or part of an • 
'\ mRNA of Grp78 (i.e. a polynucleotide which can hybridize to an mKNA of such a 
gene). This results in the foraaation of an KNA-RNA duplex w 
: direct inhibition of translation and/or the destabihzation of the target message, by 
10 rendering it susceptibility to nucleases, for exanq>le. The vector will typically allow, the 
e^cpression of a polynucleotide which hybridizes to the ribosoine binding region and/or 
the coding region of the roRNA of Gip78. 

Altenoatively, an dUgonudeotide may be deKve^ 
hybridizmgto themRNAofGrp78. Antisense oligonucleofides are postulated to : 
15 inWbit target gene e)qn:ession by interfering with one o 

metaboUsm, for exaiiq)le processing, translation or metabolic turnover. Chemically 
modified oligonucleotides may be used and may enhance resistance to nucleases and/or 
cell permeability. 

In the first approach, the vector is capable of expressing a polynucleotide which 
20 has substantial sequence complementarity to all of part of an mRNA of Gip78. Such a 
polynucleotide will be capable ofhybridizing to the mRNA. Typically, such a 
polynucleotide will be an RNA molecule. Such apolynucleotidemay hybridize to all 
orpartofthemRNAofGrp78. Generally, therefore the polynucleotide will be 
complementary to all of or part of the such an mRNA. For example, the polynucleotide 
25 may be the exact complement of such an mRNA. HoWever, absolute complementarity 
is not required and preferred polynucleotides which have sufficient complementarity 
(i.e. substantial complementarity) to form a diq)lex having a melting temperature of . 
greater than 40^C under physiological conditions are particularly suitable for use in the 
present invention. The polynucleotide may be a polynucleotide which hybridises to the 
30 mRNA of Grp 78 under conditions of medium to higji stringency, such as 0.03M 
sodium chloride and 0.03M sodium citrate at fipm about 50 to about 60 degrees; 
centigrade. 

It is preferred that the polynuclwtide hybridizes to a region of an ml^ 
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. ' 
Gip78 coirespondihg to a coding isequehce; However, a polynucleotide may be : 
employed wMch hybridisies to aU or part of the 5- dr 3"-]untr^ 
. mRNA. The polynucleotide will typically be at least 40, for example at least 60 or at 
least 80, nucleotides in length a^^ 
5 nucleotides in length or even up to a few nucleotides, such as five or ten nucleotides, 
shorter than the fuUJength mSNA-of G^ 

The polynucleotide, (i.e. the "antisense" polynucleoti^^ 
cell j&om a suitable vector. A suitable vector is typically a recombinant replicable 
vector comprising a sequence which, when traiiscribed, gives rise to the polynucleotide 
10 (typically an RNA). Typically, the sequence encoding the polynucleotide is operably ; 
linked to a control sequence which is capable of providing for the transk^npti^ the 
sequence giving rise to the polynucleotide. The tenn "operably Unked" refers to a 
juxt£^osition wherein the components described are in a relationship permitting them to 
function in their intended manner A control sequence "operably linked" to a sequence 
IS giving rise to an antisense BNA is ligated in such a way that transcription of the . 
sequence is achieved under conditions compatible with the control sequences. 

The vectors may be for example, plasmid or virus vectors provided with an 
origin of replication, optionally a prompter for transcription to occur and optionally a 
regulator of the promoter The vectors may contain one or more selectable marker 
, 20 genes, for example an ampicillin resistance gene in the case of bacterial plasmid or a 
neomycin resistance gene for a mammalian vector. Vectors may be used in vitro, for 
example for the production of antisense RNA, or used to transfect or transform a host 
cell. The vector may also be adapted for used in vivo, for example in a method of gene 
thenpy. 

25 Promoters/enhancers and other expression regulation signals may be selected to 

be compatible with the host cell for which the expresaon vector is designed. For 
fiXj^mplftj T"amtna1ian prnmntefs, such as b^actin promoters, may be used. Viral 
promoters may also be used, for example the Moloney murine leukaemia virus long 
terminal repeat (MMLV LTR), the promoter rous sarcoma virus (RSV) LTR prompter, 
30 the SV40 promote, the human cytomegalovirus (CMV) IB promoter, herpes simplex 
vims promoters or adenovirus promoters. All tiiese promoters are readily available in 
the art. Preferred promoters are tissue specific promoters, for example promoters 
driving expression specifically within vascular tissue. ' 
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Vectois may fiiither include additional sequences, flanking the sequence ^ving 
rise to the antisense polynucleotide, which Comprise sequences homologous to 
eukaryotic genomic sequences, preferably mammalian genomic sequences, or viral 
genpmic sequences. This will allow the introduction of the polynucleotides of the 

5 invention into the genome of eukaryotic cells or viruses by homologous recombination. 

Examples of suitable viral vectors include retroviruses, including lentiviruses, . 
adenoviruses, adeno-asspciated viruses and herpes simplex viruses. Gene transfer . 
techniques using such viruses are will known to those skilled in the art. Retrovirus 
■ vectors, for example, may be used to stably integrate the polynucleotide giving rise to . 

10 the aiitisen^e RNA into the host genome. Replication-defective adenovirus vectors by 
contrast remain q)isomal and therefore aUow transient expre^ . 

in the antis^e oligonucleotide approach, a suitable oligonucleotide will 
tj^icaUyhaveasequracesuchthatitwillbindto anm Therefore, it 

will typically have a sequence which has substantial complementarity to a part of such 

15 an mRNA. A suitable oligonucleotide will typically have substantial complementarity 
to a contigtious set put of nucleotides within tiie mRNA of Grp78. An antisense 
oligonucleotide will generally be from about 6 to about 40 nucleotides in length. 
Preferably it will be from 12 to 20 nucleotides in length. 

Generally the oUgonucleotide used will have a sequence that is absolutely 

20 complementary to the target sequence. However, absolute complementarity may not be 
required and in general any oligonucleotide having sufficient complementarity (^^^ 
substantial complementarity) to form a stable duplex (or triple helix as the case may be) 
with the target nucleic acid is considered to be suitable. The stability of a duplex (or 
triplex) will depend inter alia on the sequence and length of the hybridi2dng 

25 oligonucleotide and the degree of complementarity between the antisense 

oUgonucleotide and the target sequence.. The system can tolerate less complementarity 
when longer oligonucleotides are used. However oligonucleotides, especially 
bUgbnucieotides of JBrom 6 to 40 nucleotides in length, wWch have suffi 
complemmtarity to from a dxxplex having a melting temperature of greater than 40**C 

30 under physiological conditions are particularly suitable for use in the present invention. 
The polynucleotide may be a polynucleotide which hybridises to under conditions of 
medium to high stringency isuch as 0.03M sodium chloride and 0.03M sodium citrate at 
from about 50 to about 60 degrees centigrade. 
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AntisemeoUgonw^lTOtidesmay bechem For example^ 

phosphoiofhioateoUgonucleotidesmaybeused Ot^ 
. include methylphosphonates, phosphoramidates, pho^^ . 
phosphoramidates and oligoriboniicieotide phosphoiofhioates and fheir 2'-0-alkyl 
5 analogs and 2*-0-methy]xibonucleotide methylphosphonates. 

Alternatively mixed backbone oligonucleotides (MBOs) may be used. MBOs 
contain segments of phoSsphpttiioate oUgodeoxynucleotides and appropri^^ 
segments of modified oligodeoxy- or oligbriboiiucleotides. MB Os have segments of 
phosphorothioate linkages and other segments of other modified oligonucleotides, such, 
10 as methylphosphonate, which is non-ionic, and yery resistant to nucleases or 2-0- 
alkyloligoribonucleotides. 

An iiihibitpr suitable for 
(RNAi) mechanism. Such an inhibitor is typically a doublerstranded KNA &d has a 
sequence substantially similar to part of an mRNA of an mRNA for Grp78. Preferred 
15 inhibitors of tbiis tj^e are typically short/for example 15mers to 
ISmers to 22men;, prefeiabiy 21mers. 

Generally the KMAi inhibitor will have a sequence that is absolutely 
conq)lementary to the target sequence. However, absolute complementarity may not be 
required. In general an RNAi inhibitor which has a sequence &at has sufBcient 
20 complementarity (i.e. substantial complementarity) such that it would form a stable 

duplex with the target nucleic acid is considered to be suitable. The stability of such a 
duplex will depend inter alia on the sequence and length of the sequence of the RNAi 
inhibitor and the degree of complementarity between the RNAi inhibitor and the target . 
sequence. RNAi inhibitors of from 15 to 25 nucleotides in length, which have a 
25 sequence which has sufficient complemCTitarity to from a duplex having a melting 

temperature of greater than 40^C under physiolo^cal conditions are particularly suitable 
for use in the present invention. 

The RNAi inhibitor miay have a sequence which hybridizes to the mRNA of 
Grp78 under conditions of medium to higih stringency such as 0.03M sodium chloride 
30 and 0.03M sodium citrate at from about 50 to ^out 60 degrees centigrade. 

The use of short mhibitors of this type is preferred because such inhibitors do. 
not appear to trigger vfral defence mechanisms of higher organisms. Such inhibitors 
can be used to inhibit translation of the mRNA. 
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Altematiyely, smaU fragmCTits of ^equmce encoding Grp78 (or a sequence 
■ substahtiaUy. similar cloned backto back in a suitable vector. 

'Die vectors described above are smtable for expression of su^ 
Expression of the seiquence leads to production of fhie desired double-stranded RNA, 
5 : Any suitable method may be carried out in order to determine whether a test 

substance is an inhibitor of a Grp78 (or a NOS). It will be apparent to those skilled in . 
. the art that there are many alternative ways of detOTnioing whether a test substance is 
an inhibitor of Gip78. 

Generally, a method of the invention will be suitable for performing in a single 
10 reaction vessel, preferably in a single well of a plastics microtitre plate. Preferably, 
therefore^ a method of the invention will be suitable for xise as a high throuj^put 
screening technique. 

A suitable technique for detmnining whe^er a substmice is an inhibitor of 
Gip78 comprises: 

15 (i) providingapolynucleotideconstmct, which constnict comprises a 
promoter, or fimctiorud variant thereof, operably linked 
(ii) contacting the polynucleotide construct with the test substance under conditions 
wWch m &e absence of the test substance would lead to ^ression of fc^ 
coding sequence; and 

20 (iii) determining whether the test substance inhibits expression of the coding 
sequence thereby to determine whether the test substance is an inldbitor of 
Grp78 expression. 

A Gip78 promoter will be readily available to those skilled in the art. The term 
"operably linked" refers to a juxtaposition wherein the components described are in a 

25 . relationsWp perinitting them to ftmction in their intended manner. Thus, aGrp78 
promoter, "operably linked" to a coding sequence is positioned in isuch a way that . 
expression of the coding sequence is achieved under conditions compiatible with tiie 
Grp78 promotier sequence. The term "Grp78 promoter", in this context, covers 
naturaUy occiirring pix)moters and ^leUc variants and ftmcti^ A 

30 functional variant of a Grp78 promoter is a sequence which shares sequence identity 
with a native Grp78 promoter (or allelic variant thereof), but which retains flie ability to 
drive the e3q)ression of a coding sequence to which it is operably linked. The functional 
variant may be from a homolog or an ortholog. 
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The coding sequmce may be any coding sequence, including that of the Gip78 . 
gene itself TypicaUy, however, it may be niore convenimt to 
of a so-called reporter gene, as ttiosiB coding sequences encode readily identifiable 
polypeptides. For example, the coding sequence may encode a pdlyp^tide^^ 
5 , be identified colorimetrically, for example P-glucoronidase (GUS), or fluorescently, for 
. example a green fluorescent protein (GFP) or luciferase. 

The construct is placed under conditions that in the absence of a t^^ 
would lead to the expression of the coding sequence. It may be possible to cany this 
. out using a suitable cell-free extract The extract would be one which allows 
10 transcription and translation of the reporter polypeptide in the absence of the test 

substahcb. More usually, however, the method is carried but using a ceU harbouriiig the 
Grp78 promdterxoding sequence construct 

• ThesldliedpCTSonmaytiierebyriBadilydetenninaiw^ 

substance iis capable of inhibiting a Qtp78 and therefore whether or not it will be useful 
15 in inhibiting or preventing resistance to a cliembtherJ5)euticagm^ 
agent and/or useM in the treatment of a cimcer 
A typical method is carried but as follows: 

- a defined number of cells are inoculated, in for exan:q)le 1 00(il of growth medium^ 
into the wells of a plastics micro-titre plate iii the presence of a substance to be tested; 

20 - optical density (OD), for example at 590nm, may be measured, as may expfression of 
the coding sequence, using a method appropriate for the particular coding sequence; 

- the micro-titre plates are covered and incubated at 37''C for 3 days in the dark for an 
appropriate amount of time, for example, 24 or 48 hours; 

- the OD is read again and expression of the coding sequence deteraim 

25 effectofthe test substance to be determined. 

• Control experiments can be carried out, in which the substance to be tested is 
omitted. Inaddition, the substance may be tested with any other Imown promoter ^ 
exclude the possibility that the test substance is a general inhibitor of gene expres^oa 

The method of the invention may involve determining whether a test substance 
30 is capable of binding to a Gip78 (or to a functional variant thereof). Thus, the ability to 
bind to a Gip78 may be indicative of a substance wMch iis an inhibitor of a ^ 
other words, by identifying a substance which bmds to a Grp78, it may thereby be 
possible to identify a substance which is an ihWbitor of a G . 
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- activity conipiisihg: 

(i) pn)SddingaGrp78orafmcti6ndvariantthear^ 

(ii) contacting tiie Grp78 with a test substance under conditions that in tiie absence 
5 . of the test substance would pennit activity of the Gip78; and 

(iii) determining whether the test substance inhibits activity of the Grp78 thereby to 
* determine whether the test substance is an inhibitor of Grp78 activity. . 

Any suitable fonnat may be used for identifying an inhibitor of Grp78. Grp78 . 
has ATPase activity and this property may be used to cany out a method of the 
10 invention. 

Recombinant Grp78 can be provided and its ATPase activity deteimined both in 
tiie abs^ce and presence of a test substance. Any Gip78 can be used or an active 
fragment or fimctional variant thereof. Preferably, any such fragment or variant will 
have ATPase activity. 

15 Suitable Grp78 may be from ^ human or a non-human source. ' If the Grp78 is 

used from a non-human source^ niammaUan Gip78 seq The 
expression of recombinant Gip78 and the determination of its ATPase activity are 
described in King ei ah Protein Egression and Purification 22, 148-158 (2001) and . 
Carlino et al, Proc. Nati. Acad. Sci. USA 89, 2081-2085 (1992). The nucleic acid and 

20 amino acid sequences for the human Grp78 are set out in GenBank accession riumber 

M19645 [gi:183644]. 

The iassay may be carried out with a fimctioiial variant or active fragment of a 

Grp78. Suitable functional variants and active fragments will typically be substantially 
similar to a Grp78, for example the human GTp78. A polypeptide which is substantially 
25 . similar to a Grp78 is one which shares sequence similarity with that gene product and 
also retiuns similar enzymatic activity thereto (for example with respect to AtTase 
activity). Similarly," a fraginent suitable for use in the assay described above will also 
retain similar enzymatic activity to a Grp78 polypeptide (or a polypeptide substantially 
similar thereto) and preferably wiU erfubit ATPafi^ 
30 Polypeptides substantially similar to a Gip7& may thus be used in the assays of 

the invention. Such polypeptides will generally have at least 60%, at least 70%, at least 
80%, at least 90%, at least 95%, at least 98 or at least 99% sequence identity with a 
Grp78 calculated over the foil length of those sequences. However, the identity may be 
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. calculated ovct a shorter length, for example 20, 50, 100 or more amino acids. If 
identity is calculated oyer a shorter length, it iis typically done so over a contiguous 
lengtti of amino acids. The deteraiination of sequence identity is discussed below. 
A funotioiial variant icnay be a naturally occurring sequence, such as iin allelic 
5 variant of a Gip78. An allelic variant will genendly be of human or non-human 
manainal, for example bovine or porcine, origin. 

. Alteniatively, a ftmctional vmant of a Gip78 may have a non-naturally 
occurring sequence. A non-naturally occurring polypeptide which is substantially 
' similar to a Grp78 may be a mochfied version of one of those jpolypeptide, obtained by, 
10 for example, amino acid substitution, deletion or additioiL Up to 1, up to 5, up to 10, 
up to 50 or up to 100 amino acid substitutions or deleticQS or additions, for ex^ple, 
may be made. Thus, a fragment of a Grp78 may be used in an assay of the ihvmtion. 

Typically, if substitutions are made, the substitutions.will be cdnservatiye 
substitutions, for example according to the Table set out below. 
15 TypicaUy, the activity of the Gip78 is iiutiated by addition o 

substrate, for example ATP. As a control the progress of the assay cain be followed in 
the absence of the test substance. 

. Also the test substance may iised in ail assay with any other kno^^ 
exclude the possibility that the test substance is a general inhibitor of aizyme activity. 
20 In addition to Ihe Grp78 and a suitable substrate, the reaction mixture can 

contain a suitable buflFer, suitable cofactors and suitable divalent cations as cofectors! A 
suitable buffer includes any suitable biological buffer that can provide buffering 
capabiUty at a pH conducive to the reaction requirements of the Grp78. 

The assay of the invention may be carried out at any temperature at which 
25 Gip78, in the absence of any test substance or inhibitor, is active. Typically, however, . 
. the assay will be earned out in the range of from 25*'C to 42"C, pxeferatfly at about 
..37^C : " ' • . * . . ^ • • - 

Measures of enzymatic activity^ for example ATPa^e activity, are generally 
known to those skilled in the art, including equihbrium constants, reaction velocities of 
30 the appearance of reaction products or the consumption of reaction substrates, reaction 
kinetics, thennpdynamics of reaction, spectrophotometric analysis of reaction 
detection of labelled reaction components, etc. See, generally, Segel, Biochemical 
Calculations, 2nd Edition, Jolm Wiley and Sons, New York (1976); Suelto:, A Practical 
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Guide to Epzvmblogy. John Wiley aad Sons, New York (1985). 

■ . Preferred inhibitors identified in ttie assays described above are those which 
inhibit expression of a Grp78 polynucleotide and/or activity of a Gip78 polypeptide by : 
at least 10%, at least 20%, at least 30%, at least 40% at least 5 
5 70%, at least 80%, at least 90%, at least 95% or at least 99% at a concentration of the 
inhibitor of l^gmlS lOjigml^ 100^ginl-\ SOO^gml-^ Imgrnl"*- lOrngml*^, lOOmg 

The percentage inhibition represents the percentage increase or decrease in . 
expression/activity in a comparison of assays in the presence and absence of the test 
10 substance. Any combination of the above inentioned degrees of percentage inhibition 
and concentration of inhibitor may be used to define an inhibitor of the invention, with 
inhibition at lower concentratioiis being preferred. 

A fiirlher inefliod for detennining whether a test substance is an u^ 

Grp78 comprises: 

15 - providing a population pfcells which is enable of gqaerating NO; 
optionally subjecting the cell population to cellular stress; 
contacting the cell population with a test substancie under conditions that, in the 
absence of the test substance, lead to the graeration of NO by the cell 
population; and 

20 - detenninirig the proportion of flieceUpopuMonwluch dies ther^^^ 
determine \^ether the test substance is an inMbitor of Gip78 and 
whether it is capable of inhibiting NO/Grp78 mediated resistance to a 
chemothen^eutic agent or a radiotherapeutic agent. 

The cell population may be subjected to any cellular stress. For example, the 
25 cells may be contacted with a chemotherapeutic agent or a toxin, subjected to radiation, 
for example UV irradiation, subjected to anoxia (or low oxygen conditions), subjected 
to ten^)erature stress (low or high temperatures, for exanoqple temperatures lower or 
higher than from about 28°C to about 37^C) or subjected to low glucose concentrations. 
In particular, the cell population maybe contacted with thapsigargin or an analog 
30 thereof Anumber pfchemotherq)euticandradiptherapeutic agents are mentioned 
below which may be used to induce ceUuliar stress as required in &e assay^ 

Generation of NO leads to the up-regulation of Grp78 which will protect flie cell 
population from the cellular stress, for example thapsigargin toxicity. However, if the 
tftfit jnihstanrft IS an inhibitor of Gm78. that orotection will be decreased and a lare«r 
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proportion of the cell population will die as compared to the proportioh of the cell . 
population that dies in the absence of such a test substance. That is, the degree to 
whidi the ceU population is sensitized to the c^Mar st^ 
toxicity, is determined. Control experiments carried out in the absence of the tiest 
5 substance will aUow the degree of sdisitization to bed 

The assay is carried out under conditions that in &e absm^ 
substance, would lead to, or maintain, generation of NO by the cell populatioiL 

The population of NOgenerating cells may be any suitable cell population that 
is enable of generating NO, Preferably, the cell population Avill be a populatidii of . 
10 cells in wMch NO. production can be manipulated an(i controlled. 

Tvfo preferred types of cells are cells in which either ecdysbne or tetracycline 
r^onsive systems have been engineered. Two suitable ceU lines are the BcR293 clone 
11 cell line) and the Tex 293 clone 22 cell line (Xu a/., Nat. Cell. Biol. 2, 339-345, 
2000; Xu e/ fl/., FASEB J. m 1096/§.01-0590fie, 2001; WO-A-^^^^ 
15 [PCT/GBOO/02926]; WO-A-01/09342 [PCT/GBOO/02924]; and WO-A-01/0?$75 
pCT/GBOO/02932]) which are capable of regulatable high level NO gerier^on. 

Steroid hormones are sniall hydrophobic molecules that can difiuse through the 
plasma membrane of cells where they can bind reversibly to ^ecific steroid-hormone- 
receptor proteins in the cytoplasm or nucleus. The binding of hormone activates the 
20 receptor, enabling it to bind with high afBnity to specific DNA sequences that act as 

transcriptional enhancers. This binding increases the level of transcription iBcom certain 
nearby genes. 

' A pulse of the insect steroid hormone ecdysone trigg^s metamorphosis in 
. Drosophila melanogaster, showing effects such as chromosomal puffing within 
25 minutes of hormone addition. Mediating this response is the functional ecdysone 

receptor, which is a heterodiiner of the ecdysbne receptor (EcR) and the product of the 
liltraspiracle gene (USP). 

Insect hormone resporisiveness can be recreated in cultured mammalian cells by 
cotransfection of a cell with a fbnctional ecdysone receptor (a heterodimer of EcR and 
30 USP) and an ecdysone responsive construct and treatment of the cell with ecdysone or 
an analog thereof. 

A tetracycline resfponsive system can be created in cultured mammalian cells by 
cotransfection of a cell with a plasmid encoding a tetracycline repressor protein (tetR) 
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and a plasmid cpnteining a tetracycline lesponsive element linked to a promoter. The 
promotd: sequence is used to drive heterologous gene ex^ The tetracycline 

responsive client con^rises particular DNA sequences called tetracycline operator 
sites, which can bind si homodimer of tetEL Ifthose sequences are positioned bietw 
5 . promoter and a coding sequence in a construct, the presence of tetR bovmd to a 
• tetracycline operator site will prevent the promoter driving e3q)ression of the coding 
. sequence. However, when tetracycline is added to cells the tetracycline binds to tetR 
homodimers leading to a coiiformational change in tetR, such that it is unable to 
tetracycline operator site. The tetRitetracyclirie complex dissociates &om the Tet 
10 operator site and allows the promoter to drive expression of the. coding sequence. 

Polynucleotide constnicts may be constnicted which are responsive to 
ecdysone or an analog thereof or which are responsive to tetracycline or an analog 
thereof. " ' .'■ 

Ecdysone responsive constructs comprise a promoter operably liD^ 
15 coding sequence, wherein the promoter is responsive to ecdysone or an analog thiereof 
and the coding sequence codes for a NOS or a fiinctionai variant or fragment thereof. 

Tetracycline responsive constructs coraprise a promoter operably linked to one 
or more teracycline operator site sequences and a coding sequence in that order ^ 
• wherein the coding sequence codes for a NOS or a functional variant or fragment 
20 thereof. 

The cdiistructs may comprise DNA or KNA. They may also include within 
them synthetic or modified nucleotides. A number of different types of modification to 
polynucleotides are known in the art. These include methylphosphonate and 
phosphorothioate backbones, addition of acridine or polylysine chains at the 3' and/or 5' 

25 . ends of the molecule. For the purposes of the invention, it is to be understood that the 
constructs described herein may be modified by any method available in the art. Such 
modifications may be carried out in order to enhance the in vivo activity or lifespan of 
constructs of the invention. Constructs of the invention may be produced 
recombinantly, synthetically, or by any means available to those of skill m the art. 

30 The term "operably linked" refers to a juxtaposition wherein the components 

described are in a relationship permitting them to fimction in their intended manner. 
. Thus, a regulatory sequence, such as a promoter, "operably linked" to a coding 
sequence is positioned in such a way that expression of the coding sequence is achieved 
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under conditions con^atible with the regul 

A promoter for use in an ecdysone-rq)Qnsive coii^^ 
any proniotex which can drive the transmption of a (K)^ 

bperably linked in the presence of the st^id hormone ecdysone or an analog thereof ^ 
5. This promoter inay be a lutfurslUy occurring promoter 

. me/anogo^/er or other insect ecdysone-responsive gene, ^ 

may be a non-naturaUy bcpuring promoter. A non-naturaUy occuring promote^ 
used which comprises a miniinal promoter and an ecdysone-responsiye element 
(EcRE). An EcRE is a nucleotide sequence to which a functional ecdysone receptor 
10 can bind in the presence of ecdysone.. Suitable minimal promoters include, the minimal 
heat shock promoter. 

An ecdysone-respohsiye promoter may comprise more than one EcRE, for 
example 2 tolO elements or more jpreferably 4 to 6 elements. The sequence pf an EcRE 
will depend on the exact functional ecdysone receptdr used. If a modified functional 
15 ecdysone recq)tor is used (see below) it may be appropriate to use amodified EcRE 
{seel^oetal.,Proc. Natl. Acad Sci. C/i£4, 93: 3346-3351), The EcRE(s)m^ 
promoter sequences do not have to bb immediately adjacent. Because EcREs function 
as transcriptional enhance, they can be placed some distance iq>stream, for dxampile 
from 1, 10 or 25 nucleotides to 30, 40, 50, 100, 500 or lOOOkb upstream of a min im al 
20 promoter. EcREs could even be placed further than Ikb upstream of a mminial 

promoter. Generally, if multiple copes ofan EcRE are used, the mutiple copies will be 
arranged in an array, one after the other. 

Constructs of the invention may be responsive to ecdysone [(2/? 3^, Sp, 22Ry 
2,3,14,22,25-pQatahydroxychoiest-7-en-6-6ne] or an analog thereof Suitable analogs 
25 of ecdysone for use in the invention include muristerone A [2p, 3P ,5a, 1 la, 14, 20, 22- 
heptahydroxy-Sp, 7-cholesten-6-one] or ponasterone A [ {2^ 3/3, 5^ 22S)-2, 3, 14, 20,. 
22, 25-pentahydroxycholest-7-enT-6-one] and GS™-E (Invitrogen, Sah Diego, CA; see 
also Dhadialla et a/., 1998, Ann, Rev. EntomoL 43: 545-569)/ 

A promoter for use in an tetracycline-teponsive construct of the invention may 
30 be any promoter which can drive the transcription of a coding sequence to which it is 
operably linked in ftie presmce of the mtibiotic tetr^^ 

Generally, the choice of promoter will depend on the host cell to be used for 
expression of the coding sequence. Typically, expression in rriammalian ceUs, fpr 
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example human cells will be required and thus a mammUan promoter will be preferred 
Mammalian firomot^rs, subh as p-actin promoters, may be used Tissue-specific 
promoters may be used. Viral promoters may also be used, for examiple the Moloney ; 
murine leukaeirda virus long terminal repeat (MMLV LTR), the rouis siafltx)ina virus 
. 5 (RSV) till promoter, the SV40 promoter, th^ 

promoter, adenovirus, HSV promoters (such as the HSV EE promoters), or HPV 
. promoters, particularly the HPV upstream regulatory region (UI^ Viral promoters 
are readily available in the art. Constitutiye promoters, for example the CMV 
promoter, are preferred 
10 Tetracycline-responsive constructs comprise one or more tetracycline operator 

site (TetOj) sequences, situated between the promoter and coding sequeoce. For 
: example, two, three, four or eyen up to ten TetOj sequences maybe used Typically, if 
more than one TetOj site is used those sites will be arranged in the form of 
However, other intervening nucleotide sequences may be situated between individual 
15 TetOj Sites. For exaiiqile one, two, three, four, five, iq) to ten or up to ISnucleotides 
may intervene between any two Tet02 sites. 

The TetOj sequence is 5'-TCCCTATCAGTGATAGAGA-3^ (ffillen and Berens, 
1994, Annu. Rev. Microbiol. 48, 345-369; Hillen e/ a/., 1983, J. Mol. Biol. 169, 707- • 
721) or a functional variant thereof. The TetOj sequence or a fimctional variant thereof 
20 is capable of being bound by a homodimer of tetR or a functional variant thCTeof. 

A functional variant of the TetOj sequence is a sequence which is similar to that 
of the TetOj sequence and which remains capable of binding a homodimer of tetR or a 
functional variant thereof. The affiiiity of tetR for the TetOj sequence is Kq = 2xlO^V 
M'^ (as measured under physiological conditions), where Kg is the binding constant 
25 (Hilien and Berens, 1994, supra). The binding affinity of tetR for a functional variant 
of the TetOj sequence may be substanti£dly the same as that of tetR fo 
sequence. Alternatively, tetR may have a binding aflBnity for a functional variant of the 
TetOi sequence which is greater or less flian that of tetR for For 
exaiiq)le, the afBhity of tetR for a functional variant of tiieTetOj sequence may be fiom 
30 Kb - 2x10' M"' to 2x10^ M"' or more preferably fiom 2x10*? M"* to 2x10*^ M*^ 
A functional variant of Tet02 typically comprises a sequence substantially 
similar to that of theTetOj sequence. Thus, a functional variant of TetOj will generally 
have at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, at least 98% or 
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at least 99% sequence identity to the TetOj sequence, calculated over the full lengilh of 

those sequences.. 

A functional vmant of the Tetdj sequence may be a ino^ 
sequence obtained by, for example, nucleotide subistitution or deletion. Up to 1, up to ^ 
5 2, iq) to 3, ig) to 4, up to 5, up to 6 or more nucleotide substitutions or deletions or 
combinations thereof may be made to the TetOj sequence to produce a functional 
variant of that sequence. 

Constructs of the inveation may be responsive to the antibiotic tetracyclihe or an 
analog thereof Tetracycline binds to tetR homodimers, such that the tetRitetracylcine 
1 0 complex dissociates from flie TetQj sequence. The association constant of tetracycline 
to tetR is 3 X lO' k'^ Preferred analogs of tetracycline 
cbhstimt substantiaUy siinilar to or greater^ 
anriogs of tetracycline include doaycycline. Doxycycline 

response and induction characteristics with constructs of die invention, but has a longer 

15 half-life than tetracycline (48 hours vs. 24 hours respectively). 

The coding sequence used in both ecdysone- and tetracycline-responsiye 
contracts of the invention can be any sequence which encodes a NOS or a functional ; 
variant thereof The phrase "nitric oxide synthase" is intmded to include aiUM^ 
occuring fonns of iNOS, nNOS and eNOS as well as variants which retain NOS 

20 activity, for example variants produced by mutagenesis techniques. Preferably the 

coding sequence encodes a NOS of mammlian origin for example rodent (mcluding rat 
and mouse) or human. Most preferably the coding sequence encode the human iNOS 
(GenBank accession number: X73029, Coding sequence 226-3687), human nNOS 
(GenBank accessionnumber:U17327, Coding sequence 686-4990) or human eNOSi . ; 

25 (GenBank accession number: M95296, Coding sequence 21-3632) or a functional 
variant of any one of those enzymes. 

A functional variant of a NOS is any polypeptide which demonstrates NOS ; 
activity, for example a fragment of a NOS, A coding sequence which codes fpr a 
functional variant of aNOS may be, for example a fragment of a full length NOS 

30 coding sequence. A fragment may be of any length, so long as the polypeptide for 
which it codes has NOS activity . 

A functional variant of a NOS typicaUy compriises a sequence substantially 

similar to that of the naturally occurring form of the relevant NOS sequence. Thus, a 
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functional variant of a NOS will generally have at least 60%, at least 70%, at least 80%, 
■ atleast9P%,atleast.95%,atleast98%oratl^^ 
N6SsequCTce,calculiatedoverthefuniOTgthoftb6s^ 
Thus, the coding sequence may be mod^^ 
5 deletions. For example up to 1,2 or 3 to 10, 25, 50, 7ior 100 substitutions 0^^^ 
orcombinations thereofmay be made to produce a fimctipnal variant of a^N A 
[: polynucleotide encoding aNOS may alternatively or additionally be modified by one or 
more insertions and/or deletions and/or by an extension at either or both ends. The 
modified polynucleotide generally encodes for a polypeptide which has NOS activity. 
10 Degenerate substitutions may be made and/or substitutions may be niade which would 
residt in a conservative aroino acid substitution when the modified seq 
translated, for example as shown in the Table below, Aniino acids in the same block in 
the second column and preferably in the same line in the third column may be • 
substituted for each other. 



ALIPHATIC. 


Non-polar 


GAP 






ILV 




Polar-imcharged 


CSTM 






NQ 




Polar-charged 


DE 






KR 


AROMATIC ■ . 


HFWY 



Sequence identity may be calcxilated as follows. The UWGCG Package 
provides the BiESTFIT program which can be used to calculate identity (for example 
used on its default settings) (Devereux et al (1 984) Nucleic Acids Research 12, p387- 

20 395). The PILEUP and BLAST algorithms can be used to calculate identity or line up 
sequences (typically on their default settings), for example as described in Altschul S. 
F. (1993) J Mol Evol 36:290-300; Altschul, S, F et al (1990) J Mol Biol 215:403-10. 
Software for performing BLAST analyses is pubUcly available through the National 
Centre for Biotechnology Information flittp:/Avww>ncbi>nlm.nih>govA . 

25 Both types of construct can be incorporated into a recombinant repUcable 



wo 2005/085862 V . PCT/GB2605/000839 

• ■ ' ■ --^O-- - •• •/ 

vector. The vector may be used to repUcate the M 

vector may also provide for expression of flie NOS codmjg sequence when the vector is 
harboured by an appropriate, host cell. The vectors may be for example, plasmid, virus 
or phage vectors provided with an origin of rq)ficad6n 
5 ecdysone^responsive promoter or promoter used in a tetracycjyme-responsive constmct 

* The vectors may contain one or more selectable maricer genes, for example aii 
ampicillin resistance gene for selection in bacterial cells or a G418 or a zeocin 
resistance gene for selection in mammlian cells. 
10 Vectors which incorporate an ecdysone-inducible construe^ may be introduced 

into a suitable host cell by any appropriate transfonnatibri or t3:misfectibn techmque. 

Preferably, the host cell will piennit the expression of the NOS coding sequence. 
Thus, the cells may be chosen to be compatible with the said vector and may be for 
example bacterial, yeast, insftct or maTYimaliflTi r^Hs. For NOS gene eaqiression to be 
15 induced in the presence of ecdysone or an analog thereof a cell harbouring an ecdyspne 
inducible construct must preferably also, be ciapabie of expressing a functional ecdysone 
receptor. 

As described above, the wild type Drosophila functional ecdysone receptoir is a 
heterodimer of the ecdysone receptor (EcR) and the product of the ultraspiracle gene 
20 (USP). Thus ceUs of the invCTtion may be enable of expressuig EcR mdUSP. 

However, replacement of EcR's natural heterodimOTC partner USP with its mammlian 
homologue retinoid X receptor gives a heterodimer which can give more potent- 
induction of an ecdysone responsive promoter. Thus cells of the invention may be 
capable ofexpressing EcR and RXEL It wiU be clear that ceUsof the invention may be 
25 capable of expressing functional variants of either subunit of the heterodimer. 

Functional variants of EcR and USP/RXR are polypeptides which can heterodimerise 
with their partner and can, when heterodimerised, allow ecdysone-responsive 
dimerisation to occur. In some cases functional variants may bind to non-wild type 
EcREs. Examples of functional variants and modified EcREs are described in No.e^ al 
30 Proc. Natl Acad. SclUSA,.9^:^^A6'^^^ 

Preferred cells are human cells. Particularly preferred cells are EcR293 cells 
(hivitrogen, San Diego, CA; Catalogue No: R650-07; EcR293 is a derivative of the 
human fetal kidney cell line HEK293 ^CACC accession number 85/20602)). EcR293 
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cells are particularly suitable as they stably transformed with the vector pVgRXR. That 
. vector is capable of expressing a^fbnctional variant of EcR, VgEcR, andRXR in 
p^gniimaliari cells anr! tlms allows the expression of a functional ecdysone receptor. 
Other suitable cell lines include EcR-CHO and EcR-3T3 (lavitrogen, San Diego, CA; 
• 5 . Cat Nos: R660-07 and R680-07 respectively). Those two ^^^^ 

transformed witiii the same vector, pVgRXR, as the EcR293 cell line. 

Vectors wMch incoiporate an tetracycline-inducible constnict, may b 
/ introduced into a suitable host cell by any appropriate transformation or transfection . 
.. technique. • / 

10 Preferably, the host ceU wiUpenmt the expression of t^^^ 

. in the presence of tetracycline or ah analog thereof. Thus, the cells may be chosen to be 
compatible with the said vector and may be for example bacterial, yeast, insect or 
matnmflli an cells. Por NOS gene expression to be regulated such fliat expression does 
not occur in the absence of tetracycline, a cell harbouring a tetracycline-inducible 
1 S construct must preferably also be capable of expressing the tetracycline repressor 
protein (tetR) or a functional variant thereof. 

A functional variant of tetR is a polypq)tide which is similar 
remams capable of binding, as a homodimer, the TetOj site oi a functional variant 
thereof and tetracycline or an analog thereof. Typically, the binding affinity of a 
20 functional variant sequence of tetR for the TetOj site or a functional variant thereof or 
tetracycline or an analog thereof may be substantially the stoie as the binding affinity of 
the tetR polypeptide for the TetOj site or a functional variant thereof or tetracycline or 
an analog thereof. Alternatively, a functional variant sequence may have a binding 
affinity which may be greater or less than that of the tetR polypetide. 
25 The Te/iJ gene encodes a repressor protein of207 amino acids with a c^ilcidate 

molecular weight of 23 kDa (Hillen and Berens, 1994, supra), A functional variant of 
tefR typically comprises an amino acid sequence substantially similar to that of the tetR 
sequence. Thus,a functipnal variant of a tetR wiUgeneraUyhaye at 
. 70%, at least 80%, at least 90%, at least 95%, at least 98% or at least 99% sequence 
30 identity td tetR, calculated over the fiill length of tiiose sequences. The calculation of 
sequence identities is described above. 

A functional variant of the tetR sequence inay be a modified vision of that 
sequence obtained by, for example, amino acid substitution or deletion. Up to 1, vp to 
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10, yxp to 20, up to 50, iq> to 75, to 100 or more amino add substitutions or deletions 
or combinations thereof may be made to the telR sequence to produce a fimctibnal 
variant of that sequence. Substitutions are preferably made which result in a 
conservative amino acid substitutibn, for example as ihown in the Table abdve. ■ ■' \ \ 
5 Prefe^ed ceUs are human celb. Parf^ 

(Invitrogen, San Diego; CA; Catalogue Nos: R710-07, R7i2-07, R714-07 and R716- 
07). T-Rex ceUs are particularly suitable as they stably transfonned^w 
pcDNA6ATl which generates high level expression of the tetR polypeptide. However, 
any ceU line can be \ised wMch expresses tetR or a functional varim^ 
10 Using the cells described above, the method of the inv 

by, for example: 

- growing the cells in the presence of a suitable inducer, muristerone A or 
tetacycline; 

simultaneously subjecting the cells to cellular stress (for example contaciSng 
15 them with thapsigargia or an analog thereof and contactmg ti^ 

substance; 

- detennining the proportion of the ceU population tto^^ 

The proportion of ceU viabihty may be determined by any convemm^ 
For example, a simple colourimeliic assay of LDH may be apipropriate: Suitable 

20 control assays may be carried out. For example, the assay can be carried out in the 
absence ofa test substance to detennine a basal level of cell death. • 

Use of this technique^will permit the identification of substances that protect 
against resistance to the toxicity of a chemotherapeutic agent or a radiotherapeutic 
agent. Further assays, for example those set out above may be used to fiirther determine 

25 whether tiie substance identijfied is an inhibitor of Grp78. Alternatively, assays may be 
carried out in order to determine whether the substance identified is an inhibitor of a 
NOS. Suitable assays for deternuiiiag whether a substance is an iiihibitoro^ 
well known to those sldlled iii the art 

All of file assays set out above may be carried out by rqplacing thapsigargin with 

30 any other substance or conditions fliat induces cellular stress. In particular sfuch 
substances may, like thapsigargin, inhibit the Ca^-sequestering ATPase of tiie 
endoplasmic reticulum. The Ca^* ionophore A23187 may be used instead of 
thapsigargin in any of the assays set out above. Alternatively, if the assay is a cell- 
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based assay, ceUs used in ttie assay may be subjected to ste 
conditions used to cany out the assay. For example, celis may be subjected to glupbise 
starvation or oxygen deprivation. Such conditions may be used instead of the addition; 
of thapsigargin or some other stress-inducing substance. 
5 . For all of the assays described above, control experiments can be carried out, for 

example in which the test substance is omitted. Also, substances so-identified may be . 
tested with other known promoters (to exclude the possibility that the test substance is a 
general inhibitor of gene expression) and other known polypeptides (to excta^^ 
possibihty that the test substance is a general ^ 

10 aprotekse). 

Any suitable fomiat may be usied for carrying out the assays. The reaction . 
mbctures may contain a suitable buffer. A suitable buflfer includes any suitable 
biological buffer tiiat can provide buffering c^abiUty at a pH conducive to the reaction 
requirements of the enzyme in questioiL Typically, the asisays may be ad£5>ted so that 

11 they can be carried out in a single reaction vessel and more preferably can be carried out 
in a single well of a plastics microtitre plate and thus can be adapted for high through- 
put screening. 

Suitable candidate substances for screening for inhibitors of Grp78 include 

combmatorial libraries, defined chemical identities, peptide and peptide mhnetics, 
20 oligonucleotides and natural product Ubraries. The carididatfe substances may be used 

in an mitial screen of, for example, ten substances per reaction, and the substance of 

these batches which show inhibition tested individuaily. 

Furthermore, antibody products, for example, monoclonal and polyclonal 

.antibodies, single chain antibodies, chimaeric antibodies and CDR-grafted antibodies) 
25 - which are specific for differentially expressed polypeptides may be used. Antibody 

fragments may be used, including Fv, F(ab') and F(ab')2 fragments, as well as single 

chain antibodies (such as those described above), Furttiermore, 

fragment thereof may be chimeric antibodies, CDR-grafted antibodies or humanized 

antibodies. 

30 In addition, suitable test substances may include ttie products so-caU 

display libraries, where recombinant phage are used to express single-chain fragments 
(scFv) of divCTse antibody complexity. Such libraries can be panned against a Grp78 
(or an active fragment or a functional variant thereof in a method of the invention. 
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fb^eby to identify aa inhibitor of a Gip78. 

Similarly, a Gip78 (or active fragment or functional variant thereoip maybe 
. * used as a substrate to pan for aptamers that bind to such polypq)tides/fiagmeiits. , 
Typically such aptamers will bind specifically to such the Grp78. Apt2mers suitable for 
: 5 , use in the invention may be identified in a Systeinatic Expansion of Ligands by , 
EXponentisd enrichment (SELEX) ,techniqu.e. Such apataulers may be candidate 

inhibitors of a Gip78. 

Preferred substances identified in the above assays are those wMch 1^^ 

change in activity in the assay (as measured by for example cell death, reporter gene 
10 expression or Gip78 activity) of at least 10%, at least 20%, at least 30%, at least 40% at 
least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 95% or at least 
99% (if a decrease in activity is indicative of the jn^sm 

of at least 10%, at least 25%, at least 50%, at least 100%, at least 200%, 500% or at 
least 1000% (if an increase in activity is indicative of thd presence of an inhibitor of 

15 Grp78) at a concentration of the substance of Ifig ml'*, lO^g ml ^ lOO^g nil-^500ixg ml" 
^lmgmr*'lQmgml"*,100mgDal^ ; * 

The percentage change represents the percentage cWge in jEUjtivity i^ 
as measured in whatever way is reqmred by the assay, in a compari^^ 
presence and absence ofthe test substance. Any combination of the above mentioned 

20 degrees of percentage change of activity and concentration of inhibitor itnay be used to 
define an mhibitor ofthe invention (i.e. an inhibitor of Grp78), with change of activity 
(inhibition) at lower concentrations being preferred. 

Use ofthe melhods ofthe invention for identifymg an inhibitor of Grp78 
described above has led to the identification of an scFv which is an inhibitor of Grp78. 

25 This scFv is encoded by the nucleic acid sequence set out in SEQ ID NO: 1 . The amino 
acid sequence ofthe scFv is set out in SEQ ID NO: 2. These sequences are also set out 
in Figure 7. Accordmgly, the myention thus ah scFv having the amino acid sequence of 
SEQ ID NO: 2 6r Figure 7 or a functional variant of either thereof. This scFv is an - 
inhibitor of Gip78. 

30 It has been shown that this scFv can attenuate ttieGrp78-mectiated protection 

against thapsigargih, suggesting that the scFv may be used in the treatmmt of a cancer 
md/or in inhibiting or preventiiig resistance to a chemother£?)eutic agent or a 
radiottierapeutic agent. That is to say, the scFv havirig the amino acid sequence set out 
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in SEQ ip NO: 2 may be used as a Gip78 inhibitor in such treatment ias is described . 
. below in relation to Gip78 inhibitors in , 
The preset invention also pn)vides a ftmctio 
amino acid sequence of SEQ ID NO: 2, A functional variant of the scFv will typically 
5 be substantially similar to the scFv. A polypeptide which is substantially similar to the 
scFv is one which shares sequence similarity with tiiat the scFv and also retains similar . 
/ . activity thereto, i.e. anti-Gip78 activity. That is to say, a functional variant of the scFv 
. . of flie invention will be capable of binding Gip78 (or a functional variant of a Grp78 as*. 

defined above). A functipnal variant may have greater scFv or less scFv anti-Gip78 
10 activity than the scFv having the seque^^^ 

eixample, a functional variant may have a Wgher. affinity for Grp78 (or a functional 
, Variant thereof),.for example, 2 times, fiye times, ten times, or more than ten tim^ the 
affinity for GTp78 (or a functional varimt tiiereof) than the scFv of the invention. 
AlsOj a functional variant of the scFv of the invention will typically al^o : 
15 decroase viability and/or indrease apoptosis of a Grp78-eciq)ressing cell. Such a 

decrease or increaise refers to a decrease/increase in viability/apoptosis as compared 
with the viEibility/apoptotic state of a Gxp78-e3q)ressing cell in the absence of the 

functional variant 

Polypeptides substantially sunilar to the scFv of the invention wm g 

20 have at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, at least 98 or at 

. least 99% sequence identity with that sequaice, calculated over its full length, 

However, the identity may be calculated over a shorter lengtii, for example 20, 50, 100, 
150, 200 or more amino acids. If identity is calculated over a shorter length, it is 
typically done so over a contiguous length of amino acids. The calculation of sequence 

25 identity is described above. 

A polypeptide which is substantially sunilar to the scFv of the invehtion may 
have a non-naturally occurring sequence. A non^oaturally occurring polypeptide which 
is substantially similar to the scFv of the invention may be a modified version of one of 
that polypeptide^ obtained by, for exan^)le, amino acid substitution, deletion or 

30 addition. Up to 1, up to .5, up to 10, \xp to 50 or 15) to 100 airiino acid substitutions or 
deletions or additions, for example, may be made. Thus, a functional variant of the 
scFv of tiie invention may be a fragment of that.scFv. 

Typically, if substitutions are made, the substitutions will be conservative 
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substitutions^ for example according to fixe Table set out above. Amino acids in the 
same block in tlie second column and preferably in tbe same line in tbe third column . 
may be substituted for each otber* Deletions are preferably deleti^ 
fiom one or both ends of liie scFv of the invention^ . 
5 The scFv of the invention and functio^^ 

prophylaxis and therapy as set out belo\y. 

Polypeptides for use in the assays described above or for use as the scFv of the 
invention and functional variants and fragments thereor can be obtained, for example, 
recombmantiy by any method known to those skilled in the art: Alternatively, 
10 polypeptides may be chemically synthesized. Synthetic techniques, such as a solid- 
phase Menifield-type synthesis, may be preferred for reasons of purity, ajQtigenic 
spjxificity, freedom from unwanted side products and ease 

techniques for solid-phase peptide synthesis are well known to those skilled in the art 
(see for example, Merrifield et al., 1969, Adv. Enzymol 32, 221-96 and Fields et al., 
15 1990, Int. J. Peptide Pfdtein Res, 35, 161-214). La goaerad, solid-phase synthesis 
methods comprise the sequcbtid addition of one or more amin 
suitably protected amino add residues to a growing peptide chain. 
Polypeptides (or fragments or variants thiereof) suitable for use in the invention may be 
fused to a carrier polypeptide. Thus, additional ainino acid residues niay be provided 
20 at, for example, one or both termini of a Grp78 polypeptide, an scFv having the 

sequence of SEQ ID NO: 2/Figure 1 , or a functional variant of either thereof for the 
purpose of providing a carrier polypeptide, by which the polypeptide can be, for 
example, affixed to a label, solid matrix or carrier. Thus a polypeptide for use in a 
methodoftheinventionmay be in the fonn of a fusion polypeptide which comp^^^ 
25 heterologous sequences. Indeed, in practice it may often be convenient to use fusion 

polypeptides. This is because fusion polypeptides may be easily and cheaply produced, 
in recombinant ceU lines, for example recombinant bacterial or insect cell lines. In 
addition, fusion polypeptides may be easy to identify and isoliate. Typically, fusion 
polypeptides will comprise a polypeptide sequence as described above and a carrier or 
30 linker sequence. The carrier or linker sequence derived from a human or non-human, 
source, for example a non-human source such as a bacterial source. 

Polypeptides may be modified by, for example, addition of histidine residues, a 
T7 tag or glutathione S-transferase, to assist in then* isolation. Altmiatively, the canier 
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polypeptide may, for example, promote secretion of the polypeptide fiom a cell or 
target expression of the polyipq)tide to the cell membrane, Amino acids carriers can be 
fipm 1 to 400 amino acids m length or more typically from 5. to 200 residuies in length. ; 
The polypeptide may be linked to a carrier polypeptide directly or via an intCTvening 

5 linker sequence, typical amino acid residues used for linking are tyrosine, cysteine, 
lysine, glutamic acid or aspartic acid. 

Suitable polypeptides for use in the methods of the invention may be chemically 
modified, for example, post traoslationally modified. For example they may be 
glycosylated or comprise modified amino acid re^^ Polypeptides can be in a 

10 variety of forms of polypeptide derivatives, including amides and conjugates with 

polypeptides i.e. Gip78, ttie scFv of the invention or polypeptides substantially similar 
to either thiareof may be sb-mpdified. 
Qiemicaliymod^ 

residue chemically derivatized by reaction of a functional side group. Such derivatized 
15 side groups include those which have been derivatized to form ami^ 

toluene sulfonyl groups, catbobenzbxy groups, t-butyloxycaibonyl groups, chloroacetyl 
groups and fonnyl groups. Free carboxyl groiq)S may be derivatized to form salts, 
methyl and ethyl esters or other types of esters or hydrazides. Free hydroxyl groups 
may be derivatized to form 0-acyl or O-alkyl derivatives. The imidazole nitrogen of 
20 histidineinay be derivatized to form N-im-benzyMstidine. 

Substances identified by a method of the invention (such as the scFv having the 
sequence of SEQ m NO: 2/Figure 7), iuMbitors of a NOS or inhibitors of 
be useful in prophyla»s or therapy. Thus, the invention provides a substance identified 
in a method of tiie iuvention, an inhibitor of a NOS or an inhibitor of Grp78 for use in a 
25 inethod of treataent of the human or ianimal body by therapy. In particular those 
substances may be used in inhibiting or preventiQg resistaiice to a chemotherapeutic 
agent or a racfioth^peutic agent and in the treatment 

The invention also provides use of a substance identified by a method of tiie . 
invention, an inhibitor of a NOS or an inhibitor of Grp78 in the manufacture of a 
30 medicament for use in inWbitmg or preventing resistance to a chemotherapeutic agent 
pr a radiotherapeutic agent and in the treatment of a cancer. 

The invention'also provides a method of treating or preventing resistance to a 
chCTiotherapeutic agent or a radiotherapeutic agent iii a host or for treating a cancer. 
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.which method comprises ihe step df administering to the host an eiBFective moiint of an 
inhibitor of Gip78 or an inW^ 

The condition of a patient suflfering fi^^ 
administratiori of a substance id^itified by a method of the invention, an inhibitor of a 
5 . NOS or ah inhibitor of Grp78, A therapeutically effective amount of a substance 
identified by a method of the invention, an inhibitor of a NOS or 
may be given to a patient in need thereof. 

A substance identified by a method of the invention, an inhibitor of a NOS or an 
inMbitor of Gip78 may be used in combiiiation w 
10 radio&er^eutic agent. Thus, the invention provides products containing a substance 
identified by a method of the invention, an inhibitor of a NOS. or an inhibitor of Grp78 
as a combined preparation for siinultaneojus, separate or sequential use in rohibiting or 
preventing resistance to a chemottierapeutic agent and/or a radioflier^eutic agent, in 
particular in the treatment of a cancor. the mventiorisdsp provides use of a substance 
15 identified by a method of the invention, an inhibitor of a NOS or ah inhibitor of Grp78 
in the manufacture of a medicament for use with a chemotherJ5)eutic agent or a 
/ radiotherapeutic agent m inhibiting or preventmg resistance to a chemotherapeutic 
agent or a radiotherapeutic agent, in particular in the treatment of a cancer. The 
invention also provides a method of treating or preventing a host suffering fix)m a 
20 cancer, which method comprises the step of achninistering to the^host effective amounts 
of: 

(i) an inhibitor of a NOS, an inhibitor of Grp78 or a substance identified by 
a method of the invention; and 

(ii) a chemotherapeutic agent or a radiotherapeutic agent. 
25 Thehostinaybeahuncianoranaitimal. 

The condition of a patient suffering from a cancer can be improved by 
administration of products of tiie mvention. A therapeutically effective amount of 
products of the invention may be given to a patient in need thereof 

In the invention, a chemotherapeutic iagent and a radiotherapeutic agent ihay be 
30 used in combination with a substance identified by a method of tiie invention, an 
inhibitor of a NOS or an inhibitor of Grp78. 

A substance identified by a mettiod of the invention, an inhibitor of a NOS, ah 
inhibitor of Grp78 or products of the invention may be used m the treatment of any 
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cancer. Examples of cancers that may be treated according to the irivention include 
primary and secondairy cancers. The cancer may be, for example, a leukaemia, a 
l;yTnplioma, a sarcoma, a carcinoma or ^n adenocarcinomas. Specific types of cancers 
that may be treated according to the invention include breast, colon, brain, lung, ovary, 
5 pancreatib, stomach, skin, testicular and tongue cancers. 

Any pharmaceutically acceptable inhibitor of NOS can be used in the present 
iiivention: Typically, an inhibitor of a NOS enzyme is used. Competitive, non- 
. competitive, reversible and irreversible inhibitors are suitable The inhibitor may 
^ inhibit iNOS, eNOS and/or nNOS. Preferably, the inhibitor will selectively inhibit the 
10 NOS isoforin expressed in the tumor to be treated, 

Suitable inMbitois include I^arginine analogues, 
derivatives, imidazole derivatives, hydrazine derivatives, thioureas, thiazoles, biotm 
derivatives and phenyirsubstitiited thiopene amidines. 

Examples of suitable L-arginine analogues uiclude methyl-L-arginine, N^-nitro- 
15 L-arginine methyl esther (L-NAME), N^-monomethyl-L-argininiB (L-NMMA), N^- 

amino-L-argiiime (L-NAA), N^,N^-dimethyl-L-arginine (ADMA), N^,N^.dimethytL. 
arginine (SDMA), N^-ethyl-L-arginme (I^NEA), N^-methyl-I^homoarginine (L- 
NMHA), N^-nitro-L-arginine (I^ 

iminoethyl-I^lysine (L-homo-MO) and I^anavaoine (L~CA^ 
20 Examples of suitable thiocitrullines include S-methyl-L-thiocitrulline (SMTC), 

L-thiocitnilline (L-TC) and L-S-ethyl-thiocitrulline (Et-TC): 

Examples of suitable indazole derivatives include indazole and 7-substituted 
indazoles such as 7-mtroindaz61e and 3-brpmd-7-mtroindazole, 

Examples of suitable hydrazine derivatives include aminoguanidine. 
25 Examples of suitable imidazole derivatives include phenyl substituted 

imidazoles such as l-phenyl-imi<fciZole. 

Examples of smtable thioureas include S-methyUsothiourea sulph^^^ 

methyKsothioureido)-L-norvaUne (I^^flN), S-e^ 
isopropylisofliiourea (SIPT). 
30 Examples of suitable thiazoles include 2-'amino-thiazole and 2-amino-4,5- 

dimethyi thiazole. 

Examples of suitable biotin derivatives include 2-iminobiotiix. 

The above NOS inhibitors are commercially available, or may be made by 
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analogy wth laiown methods. 

The inMbitor may be a phamaceuticaUy accept^^^ 
compounds. Suitable salts include salts with pharmaceutically acceptable acids, both 
inorganic acids such as hydrochloric, sulphuric, phosphoric, diphosphoric, hyix)bromic 
5 . or nitric acid and organic acids such as citric, fumaric, maleic, malic, ascorbic, 
succininc, tartaric, benroic, acetic, methanesulphonic, ethariesi^ 
bOTzenesulphonic or p-tdluenesulphonic acid. Salts may also be formed with 
phaimaceutically acceptable bases such as alkali metal (eg sodium or potassium) and 
alkali earth metal (eg calcium or magnesiuAi) hydroxides and organic bases such as • 
10 attyl amines, aralkyl amines of hetero^ 

Any suitable chemotherqpeutic agent may be used in the invention; The teim 
chraiotherapeutic agent includes any substance which can be used to destroy cancer 
cells, for example by jWhibitingi^preventing such cells fiom growing of multq)lying. . 
Chemother«5)eutic agents suitable for use in the invdition include antinietabolites, 
15 agents fliat react with DNA, inhibitors of transcription enzymes, topoisomerase 

inhibitors, DNA minbr-giroove binding compounds, antimotic agents, bleomycin group 
antitumor antibiotics, antihormones, paclitaxels and photochemically activated agentsf . 

Suitable chemotherapeutic agents may be DNA damaging agents, for example. . 
substances which are DNA alkylating and/or cross-linking agents or substances which 
20 are DNA binding/cleaving agents. 

Suitable chemotherapeutic agents which are DNA alkylating and/or cross- 
linking agents include nitrosoureas, nitrogen mustards, mitomycins and plating 
coordination compounds. Such substances typically have the ability to react covalently 
with DNA bases and to form inter- and intrastrand DNA cross-links. These compounds 
25 may also be responsible for the all^lation of proteins and protein-DNA linkages. The 
resulting lesions produced m the DNA result m the dismption of cell growth and 
fimction/ ultimately leading to 

Suitable nitrosoureas mclude cannustme USP (BiCN^ 
<CeeNU), tauiomustine and streptozocin JJSP (Zanosar). 
30 Smtable nitrogen mustards include cyclophosphamide USP (C^ 

ifosphamide (Ifex), mesna USP OMesnex), mechlorethamine hydroc 
(Mustffl-gen), chlorambucil USP (Leukeran), melphalah USP (Alkeran) and fhiotepa 
USP (Thiotepa). 
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Suitable platinmn coordination compounds include cisplatin USP (Platinol) and 
carboplatin USP (Paraplatin). 
5 Siabstances which are DNA binding/cleaving agents (DNA interactive ag^ts) 

may bind to DNA either as intercalatprs or as minor groove binders, hence inhibiting 
DNA dependent RNA synthesis. Suchsubstances may also cleave DNA by forming 
free radicals in the immediate vicinity of the sugar-phosphate backbone. Activity as 
antitumor agents is typically related to the ability to induce irreparable lesions in DNA. 
1 0 For exainple, one suitable substance bleomycin generates oxygen free-radical species, 
whereas another suitable substance , esperiamicin Ai, generates aryl diradical species, 
which abstract hydrogen atoms directly &om the deo^cyribose backbonc|. 

Suitable DNA interactive substances include dan^ 
(Ccsrabidane), doxorabicihUSP (Adriamucin), idarubicmhydrocMoride (Idamyciri), 
15 mitoxantiirone hydrochloride USP (Novantrpne), bleomycin sulfate USP (Blenoxane), 
epseramicin A„ Adozelesin (U73, 975), dactinomyciBiUSP (Cosmegen), plicamycin 
USP (Mittoacin), and procaibazme hydrochloride USP 

It will be apparent to those skilled in the art that analogs of the above mentioned 
DNA damaging agents may also be suitable for use in the inverition as 
20 chemotherapeutic agents. 

Any suitable radiotherapeutic agent may be used in the invention. A suitable 
radiotherapeutic agent will typically be a type of ionizing radiation, for example photon 
therapy, using X-rays or gamma rays for instance. X-rays may be produced by a linear 
accelerator or a betatron, for example. External beam radiotherapy may be used to 
25 focus the radiation on the cancer site. Gsmom 
spontaneous decay oi^ for example, radium. 

In addition, a radiottierq>eutic agent may be applied externally during surgery. 
Further, a radiotiierapeutic agent may be particle beam radiation QA^ energy transfer 
radiation), for example neutroiis,pions or heavy ions. This involves the use of fast- 
30 moving subatomic particles, rather than photons. — ^ 

A radiotherapeutic agent may be appHed exteniaUy, i.e. b y exteriial beam 
radiotherapy. Altraaatively, a ridiotiierapeutic agent may be delivered to cancer celk 
my placing radioactive implants directiy in a tumor or a body cavity. This is called 
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internal radiotherapy and includes br^ 

intracavitary inidiatioiL In addition, radiolabeHed antibodies miay be used to deliver 
doses of radiation directly to the cancer site, i.e. radioimmunotherapy may be used. 

A substance identified by a method of the invention, an inhibitor of a NOS or an 
5 inhibitor of GrpTS, optionally in combination with a chemottierapeiitic agents aire , 

typically formulated for administration in the present inventioh with a pharmaceutically 
acceptable carrier or diluent This also applies to radiotherapeutic agents fonnulated.for 
use in internal radiotherapy or radioimmimotherapy. The pharmaceutical carrier or 
diluent may be, for example, an isotonic solution. For example, solid oral forms may 
10 contain, together with the active compoxmd, diluents, e.g. lactose, dextrose, saccharose, 
cellulose, com starch or potato starch; lubricants, e.g. silica, talc, stearic acid, 
xnagnesium or calcium stearate, and/or polyethylene glycols; binding agents; e.g. 
starches, arable gums, gelatin, methylcellulose, carboxymetfaylcellulose pr polyvinyl 
pjnrroUdone; disaggregating agents, 'e.g. starch, alginic add, alginiates or sodium starch 
15 glycolate; efBsrvescing mixtures; dyestuiBfe; sweeteners; wetting agents, such as lecithin, 
polysorbates, laurylsulphates; and, in general, non-toxic and phannacbloigically inactive 
substances \ised in pharmaceutical formulations. Such pharinaceutical prepiaratipns 
may be manufiictured in known manner, for example, by means of mixing, granulating, 
tabletfing, sugar-coating, or film coating processes. 
20 Liquid dispersions for oral administration may be symps, emulsions and 

suspensions. The syrups may contain as carriers, for example, saccharose or saccharose 
with glycerine and/or mannitol and/or sorbitol. ' 

Suspensions and emulsions may contain as carrier, for example a natural gum, 
agar, sodium alginte, pectin, methylcelluloise, carboxymethylcellulose, or polyvinyl . 
25 alcohol, the suspensions or solutions for intramuscular injectioiis may contain, 

together with the active compound, a phEumaceutically acceptable carrier, e.g. sterile 
water, oKve oil, ethyl oleate, glycols, e.g. propylene glycol, and if desired, a suitable- 
amount of hdocaine hydrochloride. 

Solutions for intravenous or infusibiis may contain as carrier, for exan^ 
30 sterile water or preferably ftiey may be in the fprm of sterile, aqueous, isotonic saline 
: solutions. 

A therapeutically effective amount of a substance idratified by a miethod of the 
invention, an inhibitor of a NOS or an inhibitor of ap78, optionally in combination 
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Wilh a chemoflien9)eutic ageat or a radiptherapeutic agent, is administered to a p^ent 
The dose of a substaiice identified by a method of the invention, an inhibitor of a NOS 
or an mhibitor of Gip78, optionally in combination With a chemotherapeuidc ag«it or a; 
radiotherapeutic agent, may be deterniined according to various parameters, especially 
5 according to the substance used; the age, weight and conditioa^^ 
• . . treated; the route of administration; and the required regimen. Again, a physician will 
be able to deterrnine the required route of administration and dosage for any particular 
patimt. A typical daily dose is from about 0.1 to 50 mg per 
according to the activity of thespecific inhibitor, tiie age, weight and conditions of the 
10 subject to be treated, the type and severity of the degeneration and the fiequency and 
route of administration. Preferably, daUy dosage levels^^^ 

The invention also provides a inelhod for determining the presence of a cancer 
in a subject. Such a method coir^rises typing the jgene encoding Gip78 wit^ 
subject TypicaUy, such typing will involve determinin 
15 Grp78 gene in the subject. Such expression typing may be carried out at the nucleotide^ 
for example KNA level, such as by M^A blottmg or reverse 
at the polypeptide level, for example by use of an antibody. 

Such a method of the invention may be carried out in vivo, although typically it 
is more convenient to carry it out in vitro on a sample derived from the subject The 
20 sample typicaUy comprises a body fluid ofthe individual and may for^e 

obtained usmg a swab, such as a mouth swab. The sample may be a blood, urine, 
saliva, cheek cell or hair root sample. Alternatively, the sample may be atissue sample, 
for example from a biopsy. 

Any such sample is typically processed before the method is carried out, for 
25 example nudeic acid extraction, such as extraction of genoinicDNA or RNA,^^ 

particular niKNA may be carried out KNA, such as inKNA, extracted from a sample 
may subsequently be converted into cDNA. The nucleic acid or protein in the sample 
may be cleaved either physicaUy or chemically (e.g. using a suitable enzyme, such as a 
restriction endonuclease). The polynucleotide in the sample 
30 ampMed)je.g.bycloiiingorusingaPCRbasedmefliod. 

In such a method of the mventiori, increased expression of the Gq)78 gme m 
subject, as compar^ to the amount of expression of that gene in a ra^^ 
not have a cancer, or as compared to non-cancCTOUS tissue from the subject, indicates 
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the preseace of a cancer in the subject Thus, a biopsy may include tumor tissue md . 
(non-^;ahcerous) tisrae surrounding the tumor tissue, increased expression of Grp78 in 
. the tumor tissue as compared to the level of Gip78 expression in the surrounding tissue 
may indicate that the tumor is cancerous. 
5 , . Aii antibody, in particular the scFv of the invention or a functional yariant 
thereof, may be used in such a method of the invention. In particular, tissue samples^ 
. for example a biopsy such as a punch biopsy, from a subject may be subjected ta 
western blot analysis of immiincytochemistry using an antibody (such as the scFv or 
functional variant). . 

10 In such a method it may be possible to identify any kinjd of cancer, for example 

those forms of cracer mentioned £d)ove in relation 

The following Example illustrates the mvention: 

EXAMPLE 

15 Materials and methods 

Unless indicated otherwise, the methods used are standard bi^^ 
techniques. Examples of suitable general methodology textbooks include Sambrook et 
al. Molecular Cloning, a Laboratory Manual (1989) and Ausubel et al. Current 
Protocols in Molecular Biology (1995), John Wiley & Sons, Inc. 

20 Cloning 

The NO inducible cell lines, EcR293 clone 1 1 subclone-1 and Tex293 clone 22 
were prepared as described previously (Xu et al, Nat. Cell. BioL 2, 339-345, 2000; Xu 
e/a/.,FASEB J,m 1096/fi.01-05905e,2001; WO-A-01/09307 [PCT/GBOO/02926]; 
WO-A-01/09342 [PCr/GBOO/62924]; and WO-A-Ol/09375 [PCT/GBOO/02932]). The 

25 Creator Cloning system (Clontech) was used to clone a fiiU-length human Grp78 cDNA 
(Image clone 2286788) into two Kq)Tession Vectors: pLP-IRE2-EGFP-Grp78 
(containing a CMV promoter and a neomycin selection marker) arid pLP-TRE2-Gip78 
(containing a tetracycline-inducible promoter). The latter construct was co-transfected 
with the hygromycm-selection plasmid pTK-Hyg (Clontech) into the MCF7. Tet-on cell 

30 line (Clontech) with (50 jig/ml. Hygromyciii,Gibco) for the estjiblishment of a 
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pdnnanatit cell line. Western, blotting was used to detect Gijp78 expression in cell lines 
using monoclonal anti-Gq)78 antibody (Transduction Laboratories). 

Assay of gene expression 

cDNA microairay analysis was carried out by Incyte Genomics, Palo Alto, 
5 California. Grp78 regulatioiQ by NO was further supported by northern and western 
' blotting lUing &e methods described previous^ 

Promoter analysis 

The 5-"promotCT region of the human Gip78 gene was cloned ^m^ 
reporter vector pGL3-basic (Promega) using PGR primers corresponding to the 
10 genomic sequence, The forward primer 5V 

CCCGGiGGTCACrCCTGCTfiQTM^TAC-3Vand revOT^ 
TCCTreTTGTCCrCCTCCTAAGeTlCGCG-3' incorporated Kpnl (forward) and 
Hmdini (reverse) sites to faciUtate cloning^ The detailed transfection and luciferase 
assay conditions were as described previously (Xu et aL^ 2000, supra). 

15 Thapsigargin (Tg) cytotoxicity experiments 

Tg (Sigma) stock was dissolved in DMSO and diluted to the desired 
concentration prior to use. Cell viability was assayed by the LDH cytotoxicity 
detection kit (Roche). Cells were treated with 1% triton X-100 overnight to generate 
100%killing, while untreated cells were used as negative controls. Grp78 antisense 

20 oligonucleotide administration (200 )iM) was carried out at the same time as Tg 
treatment for breast cancer cell lines. The antisense phosphorothioate 
pligodeoxynucleotide: 

5'-TGAtCrCCACGCGGCGGTTCtTGAACAeGCCG-3' 
and tiie sense oligonucleotide: 
25 5'-CGGCGTGTTGAAGAAGGGCGGGGTGGAGATCA-3* 
weriB designed from the human Grp78 sequence (Oswel). 

NO induction in breast cancer cell line and nitrite assay 

Human breast cancer cell lines MGF-7 and ZR75-1 were obtained from the 
European Collection of Cell Culture. For NOS-induction experiments, a cytokme 
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cocktan mixture (100 U ml*^ , 0.5 ng ml'^ interleuki^i-lp, 1 ng ml interleukin-6 and 2 
ng ml"' tiamour-necrosis factor^^^ The 
nitrite concentration in the medium, which is used as a reflection of NO produption, was 
■ determined using the Griess reaction (1% sulfanilam 
\ 5 dihydrochloride). Absorbance at 540 nm against a reference of 620 nm was measured 
. with sodium nitrite as a standard. . 

Breast cancer cell lines, tissue samples and immunohistochemistry 

Tissue samples of primaiy tumors from breast carcinoma were taken, witii 

10 informed consent, frorn either diagnostic biopsies or after lumpectomy/mastectomy. 
Histopathological diagnosis was conjSrmed for each speciinoi. 15 jim sections were 
fixed with 4% para-fomwldehyde and treated with methbiial-HaOj. The sections were 
stained with a paael of antibodies: afBnity-purified goat polyclonal antibody against the 
N-termmjQ peptide of Gip78 (Smta Cruz Biotechnology) diluted 1 :200P; rabbit 

15 polycloiial antibody against the C-terminal p^^ 

supra), diluted 1 :200i and rabbit polyclonal antibody against human eNOS (Alexis), 
diluted 1:200. The pre-immune goat and rabbit sera were used as c6 A standard 
Vecta-stain 'ABC kit' (Vector Laboratories) was used with indirect avidin-biotin 
horseradish peroxidase staining. Color was developed with diaminobenzididine (DAB). 

20 Positive staining was scored as (a) positive or negative in different cell types (b) on an 
arbitrary intensity scale 0 to -H-H (+++ = strongest) and (c) in numbers of positive events 
per field or percent of section stained. Two independent qualified assessors scored less 
than 10% disagreement for the procedure. 

Human breast cancer cell line ZR75-1 was from the Eiaropean Cell Bank 

25 (ECACC). High density tissue imcroarrays of breast and prostate cancer samples were 
from Clinomics Biosciences (Pittsfield, MA). The sections were stained with anti-Grp78 
scFv (1/100) or an aflBnity-purified goat polyclonal antibody against the N-terminal 
peptide of Gip78 (Santa Cruz Biotechnology) diluted 1:2000. Staining with pre-immune 
goat sera was.used as a control. Indirect iimnunofluorescence was used to visualize 

30 Gip78 protein on the cell surface. Cells were grown on eight-well inulti-test sUdes, 
washed with PBS, and feed with 2% formaldehyde in PBS for 30 im^ 
ten^erature (RT), For anti-Gip78 scFv staining, a second antibody against the c-myc tag 
of the scFv was added (mouse mAb 9E10, Cambridge Research Biochemicals, 
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♦ Wilmingtoi^ DB) followed by visualization with an anti-mouse IgG-tekas-red conjugate. 
For Wanti-pq)ti<le Qip78 i^^ 

afaiity-puiified goat anti-goat IgG. After washing three times in PBS, photogr^hs were 
taken using a Zeiss Axiophot fluorescence microscope and Kodak (Rochester, NY) 
5 Ektachrome film. 

. SelecUon of cell surface targeting anH-Grp78-specifi^ 

Escherichia coli strain BL2 1 (DE3) was transformed with the murine Grp78 
. expression plasmidpffis-6BiP:G565R (a kind 

Medicioai Chemist^ and Pharaiacology, University of Illinois, Chicago, comprismg a 
10 ihurine Gip78 cDNA with a C-tenninal 6x His-tag , see King etal^ Prbtem Expr. Puiif: 
01, 148-158,2001). Recombinant Gip7$ protein was purified using a I^B^^ 
according the nianufiwjturers recoinmended cond^^ 

Grp78 protein was used to coat plates for scFv panning experiments to isolate Gbrp78 
specific antibody. The naive human MRC scFv-phage libraries I + J (comprising 10* 

15 different scFvfiaginents,I^CHGMPResou^ 

' recommended protocol. In the first round of paiming, 10^^ to 10^^phage(in4 mlof2% 
MPBS) were incubated with 10 mg ml'' recombinant Grp78. Phage recovered ftom this 
: round of selection were used in a second round of pianning against whole cells 
expressmg Gip78 on the cell surface. To carry this out, EcR293 clone-1 1 subclohe-1 

20 cells were grown as an attached semi-confluent monolayer in 24-cm^ flasks, and NO 
generated by treatment with muristerone A for 16 h (this treatment results in a 3-4 fold 
increase in Grp78 protein). The cells were then washed wth PBS and fixed with Q.24% 
glutaraldehyde for 10 min at room temperature. The fixed cells were washed with PBS 
: andblockedwithDMEM/10%FCSforl hat room temperature. Phage from the fc^ 

25 round screening were precipitated with 4% PEG/0.5 M NaCl and re-suspended in water, 
and about 10" phage in 2 ml of iDMEM/10% PCS were added to 2x10*^ EcR293 clone. 
1 1 subclone-1 ceUs. The culture flask was shaken gentty for 2 h at room temperature 
and the medium removed, and the cells werb washed rq)idly 1 0 times with PBS at room 
temperature, Bound phage were removed by treatment with trypsm(lmg/nd in ImM 

30 CaClj, 5-mM Tris-HCl, pH7.4) Anti-Grp78-specific scFv-phage were enriched by two 
fiirther rounds ofpamringjagairist 10 ^gml"^ recombinant pro^ After the fourth 
round of panning, 200 phage were picked and the resulting scFv screened using BUS A 
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against Gip78 protein (as described in the 1^ ELK A-positive phage wdre 

usedto infect -E*co/iHB2151 (a.nbn-suppressor strain), and tl^^^^ ; 
. Gip78scPvpiuified using Ni-NTA spin colun^ 

manufacturers recommended conditions (Qiagen Ltd, UK). ' ; 

. 5 • Resnlts 

NO up-Tegulates Grp78 gene expression 

In order to examine the role of NO on gene expression, w 

involving differential hybridization of mKNA-derived probes to normalized cDNA 

arrays ^^vo different populations of p^^ 
10 clone 1 1 subclone-1 cells, and the other from the same cells ejqpressing NO following 

treatment with 10 nM muristerone A for 24 h. iSO ng polyAt ENA prepared frona 

uiiinduced ceils was labeled with the fluorescent molec^^ 50ng polyA+RNA 

prepared from induced ceUs was labeled with the fluorescent 

fluorescent probe samples are simxiltaneously i?)piied to a sm^^ 
15 V, Incyte Genomics, Palo Alto, CaIifonua)wMch contains 8,372 

genes/EST clusters. Analysis of the resulting hybridization pattern.shows t^^ 

encoding Grp78, is among the most up-regulated sequences. The uninduced 

Grp78 is 3-fold weaker than the mduced signal (Pig. la, weUs D 

Gtp78 up-regulation was seen following hybridization to a second Gem array using poly 
20 A+ mRNA extracted from Tex293 clone-22 cells (expressing tiie iNOS cDNA caissette 

under control of the tetracycline inducible promoter/ data not shovra). 

To support the finding that changes in hybridisation signal on the array 

correspond to changes in mRNA abundance, northem blotting experiments (Fig. lb) 

were carried out using a probe for Gip78 (AI628509, Image clone 228678^^^ 
25 2.6 kb of human Gip78 cDNA. Treatment of Tex293 clone-22 cells with 10 ng/ml 

tetracycline (Fig lb) significantly up-reguktes Grp78 m^ 

uninduced control cells (track l,O. Simla^^^^^ 

and treatment with lO jiM muristerone A, significantly up^regulates Grp78 mRNA 
(track 4, +) as compared with uniiiduced controls (track 3, -). Hybridisation with a P- 
30 actin probe as an internal control. Fig.lc shows that the relative hicrease of Grp78 
mRNA following treatment with 10 ng tetracycline in Tex293 clone-22 cells is 2.5 
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(j^iHold, whnemEcR29i3 clone-11 subclone-1 . cells/treatment witii 1 |iM 

munsterohe A results in a Gip78 m 

yath iO mimsterone A results in an in<^ 

Western blottirig with anti-Grp78 specific monoclonal a^^ 
5 Labs) shows an increase in the level of Grp78 protein ^^^^ 
/ induction system (track 1 and 2) and the muristerone A mduction system (tracks 3 and 
' ; 4). la control experimrats, an NO donor, (z)442K2-amino 

ainino]diazen-l-ium-l,2 diolate (DETA-NONOate), was aJso used to treat the 
. tetracycline-regulated parental cell Iine-Tex293 to detennine the time-course of NO 
10 mediated Gip78 .iq)-regulation. The NO 

within 2 h DETA NONGate treatment (500 jJN4^ 
treatment CFi&le). 

We analysed further the relationship between NO generation and Grp78 
expression using a reporter constmct encoding luciferase undCT 
15 human Grp78 promoter. This promoter construct ispans the region fix)m -596 to +76, 
and includes three enddplasmic reticulum stress response elements (ERSE). In 
transient-transfection assays using f ex293 cells, treatment with DETA NONO^e (200 
HM and 500 ^iM), results in a 1 .9-fold and a 3.3-fpld increase, respectively, in the 
activity of the Grp78 promoter (Fig. If). 
20 Gip78/Bipisamajorhypoxic-responseproteminfheER. InbothoflheiNO 

* cDNA-inducible cell Imes (EcR293 clone- 1 1 subclone-1, and Tex293 clone-22). there 
is a profound inhibition of respiration accompanying the Grp78prote^^ For 
example, generation of NO results in a 60% (±20%) inhibition (n= 5) of respiration in 
EcR293 clone 1 1 subclonel cells (16 h treatment with 10 ^iM muristerone A), and a 
25 53% (±6%) inhibition (n=5) of respiration in Tex293 clone-22 cells (16 h induction 

with 10 ng/ml tetracycline). . 

It has been reported that cells failing to generate a calcium-mediated^ 

stress response are destinied to undergo cell death in response to chemical stress 
following treatment with the Ca^ionophore A23187 or the selective ERCa^-ATPase 
30 inhibitor thapsigargiii (TG). More recently, the vubierability of TG-treated mouse 
lymphoma cells to ^ptosis has been shown to be due to failure to signal a Grp78 
stress response. The protective role of the NO-induced up-regulation of Grp78 was 
assessed using TG-mduced cell toxicity ©qperiments. EcR293 clone-1 1 subclon&-l 
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cells were giown for 24 h m the presence of muristerone A to generate NO. ; An equal 
number of untreated cells were also prepared. Nitrite/nitrate concentration in the 
medium, was measured as a reflection of NQ generation, (Fig. 2a) after ovenught 
induction. 24 h post-induction, cells were washed with PBS and treated with jG at 37; 
5 . nM for 48 h. Cell viability was determined by trypan blue staining, and by LDH\ 
analysis. FoUowing this treatment, uninduced control ceUs (Fig. 2^^^^ 
death, while induced cells (generating NO) are protected, and show only 22% cell death. 
The generation of NO in the cell appears to provide more than 60% protection against 
toxicity mediated by TG. 
10 To si5)port the hypothesis that this protection is niediated by the concomitant 

up-regulation of e;q)ression of Grp78, we have used Grp78-specific ahtisense 
oUgonucleotides (20 )iM) to attempt to downnregdateGrp 

clpnel 1 subclone-l cells. Cells were treated with muristerone A to generate NO, and 
were subsequently washed with PBS and treated with 37 ng/ml TG. Tr^tment with 

15 antisense oligonucleotides (Fig. 2c) results in a significant (30-40%) deo^ease in cell 
survival in the NO-generating cells. Treatment with the same concentratidn of control 
oligonucleotides (sense sequence) has no effect. To further support the finding that tins 
protection directly involves Grp78 expression, the ftdl-length huinan GTp78 cDNA 
sequmce was cloned into the mammalian e3q>ression vector pLP-IRES2-EGFP vector 

20 under the control of the CMV/IRES promoter. A permanent cell line expressing this 
construct, (clone-1), expresses 3-4-fold more Grp78 protein than the empty-vector 
control cell line (Fig. 2d) and is 60% more resistant to TG than the control cell line. 

To detennine whettier or not Grp78 was up-regulated in tvimor samples, wiB 
hybridised a Gip78 cDNA probe to two panels of tumors; a human colon tumor panel 

2 5 and a breast cancer tumor panel. These tumors wcto selected as both classes have been 
shown previously to be capable of high-level expression of iNOS or eNOS. Only one 
sample in the colon tumor group showed up-regulation of Gip78 (data riot shown), . 
Ijowever all fo\xr of the breast cancer samples showed increased Gip78 gene ejtpression, 
ranging fi:om 1.5-fold to 6-fold compared to controls (F^^^^ Interastingly^ttietwo 

30 invasive ductal tumors (samples 1 and 3) also showed i^-regulatidn of iNOS (Fig.3). 
The findings fix)m the northern blot analysis were extmded by 
unmunohistochemistry using afSnity-purified anti-Grp78 antibody on a panel of 
clinical tumor samples. Stained tissue sections fix)m normal breast tissue (ip4) 
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cbmpared vdth breast canc^ showed that breast cancer cells express Ing^ 

levels of Grp78 protein compared with noimal breast epithelial cells (data not shown). 
Positive staining was not only detectable in three differmt grades of invaave ductal 
. carcinoma, but is also f)resent in in situ ductal carcinomas and Lobular carcinomas. 
5 . Breast tumoxirs are histologicaUy and bibchenucaUyheteroge^^ 

. . . contain a variety of cell types in addition to the carcinoma cells. Haematoxylin/eosin 
. (H/B) staining showed that this invasive grade III carcinoma (Ca) also contained benign 

fibroadOT.oma (cross), and immediately suirounding proliferating stromal cells (S) in 
• . addition to infiltrating of cells of lyn^hoid origin (L). Strikingly, only the cytoplasm of 
10 epithelial cancer cells (Ca) was strongly stained (intensity +3), while cells within the 
fibio adenoma were weddy stained (intensiiy +1). The immediately surrounding 
prolifCTating stromal ceUs (S) and infiltrating cells of lymphoid origin (L) was not 
stained. In all l5 cases of invasive ductal carcinoma, the cancer cells showed strong 
staining for Citp78, while other cell types exhibit either weak or negligible staining (data 
15 not shown). Th^ findings suggest that Grp78 is an excellent marker for breast cancer. 
Gip78 antibody also reacted strongly with ducatal carcinoma in situ, which 
currently accounts for 50% of breast cancers. Interestmgly, both il^OS and eNQS were 
also e)q)ressed strongly in these in Ji/M ductal carcu^^ Highe3q)ressionof iNOS 
protein could dso be seen in many of ttie high grade invasive carcinomas while eNOS 
20 can be detected in the suirounding myoepithial and micro vessels (data not shown). 

Two breast cancer cell lines were selected for further in vitro studies. MCF-7 . 
(Hemmm et al. Cell 92, 747-758, 1998) and ZR75-1 (Kaufinan, Genes Dev. 13, 121 1- 
1233, 1999) were treated with a cytokine cocktail for overnight induction of iNOS . The 
nitrite concentration in the medium (10^ cells), was measured as a reflection of NO 
25 . production, and was significantly increased (Fig. 4a). Grp78 mRNA was also found to . 
be increased significantly in both cell lines following cytokine induction (Fig: 4b). This 
up-regulation of Grp78 mRNA can be partially abrogated by addition of the NOS- 
mhibitor L-NIO 0Fig/4c), suggestmg a regdatory role for 
conq>lete. As cytokine treatment is likely to result in the activation of multiple 
30 pathways, the experiments were repeated with an NO-donor, DETA NONQate. The 
breast cancer cell line ZR75-1 was treated with different concentrations of DETA 
NONOate for 24 h at concentrations of 250 jiM and 500 [iM DETA NONOate ^ig. 4d), 
resultiiig in 1 .4-fbld and 2.2-f61d increase in Gip78 inKNA (Fig. 4e). 
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In order to investigate directly liie rdle of Gip78 protein in breast cancer, we 
transfected the human breast cancer ceil Im^ 
. coiistract, pLPTre-CJrpTS, in which human Gip78 cDNA expression is placed under the 
control of an inducible tetracycline promoten Aflw co-transfection with a sele^^^ \ 
5 marker (pTK-hyg) a permanent ceU iiae has been established iu which Grp78 protein 
. can be increased 5-7 following treatment with 1 0 ng/ml doxycycline (Fig. 4f). This pell 
: line was used in cell survival experiments using thapsigargm (TG, 19 ng/ml), and 
demonstrated that doxxcyclirie-induced cells (with increased (jrp78) show 20% . 
increased sumval aflCT 48 h compared with uninduced cells^ 
10 To determirie the protective role of Grp78 in breast cancer cell survival, we have 

incubated two breast cancer cell Imes, (MC3P-7 and ZR75) with Grp78-antisense 
oligonucleotides arid tr^ed the cells with th^sigargih. Treatment with Grp78^ 
antisense reduces significantly breast cancer cell viability (Fig. 4h), resulting in more 
than 20% increased cell deatti in both MCF-7 and ZR75-1 as compared with controls 
15 (untreated cells or cells treated with Gip78-senseoKgonucleotid Furthermore, 

, inununologipal staining using Grp78 specific antibody demonstrates that Gip78 prptein 
is reduced in antisense treated cell cultures (data not shown). 

Targeting cell surface localized Grp78 using scFvs 
20 Aati-Gip78 scFv were isolated following panning experiments with the MRC. 

scFv-phage libraries against recombinant protein and whole cells as described above. 
Using this novel strategy, twenty-four anti-Grp78 scFv were isolated, and one, Grp78- 
. . scFv clone-19 selected for further study. A western blot analysis of Qip78 protein 
using scFv antibody was carried out The purified scVF was thus used for western blot 
25 analysis of EcR293-clone-l sublone-1 cells with (treated) or without muristerone A 
induction for 16 homrs. Recombinant protein BSA and 6-his-tagged 
were used as control. This coiifinned that the anti G^ 

Gip78 protein in western blots of whole cell extracts of EcR293 clone-1 1 subclone-1 
ceUs as weU as recombiiiant murine Grp78 protein. SDS-polya^ 
30 electrophoresis analysis of soluble Gip78-ScFv clone 19 was also carried out. Soluble 
scFv was produced by induction of the Grp78-scFv clone-19 phagemid m E. coli 
HB2151, and purified by Ni-colunm chr6inatogrq)hy. A 29KDa protein could be 
detected following purification. The purified soluble Grp78-scFv clone-19 thus has an 
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25)pient molecular weight of around 29 kDa, consistent with the deduced amino add 
sequaace (see Fig. 7). The antibodies detect cell surface localized Grp78 in N(> 
generating EcR293 clone-1 1 subclone-1, and cell-surface and cytoplasmib staining in 
paraffin sections of human breast cancer biopsy samples. 

i . Anti-Grp78scPv and cell viability 

We have shown thiat treatment of EcR293 clone-1 1 subclone^ ceUsx^ 
munsterbne A results in the iSTO-mediated increase in Grp78, which is responsible for . 
protection against the selective ER Ca^^-ATPase iiihibitor th^sigargih. Following NO- 
generation, a considerable amount of the newly synthesized Grp78 is targeted to the cell 

10 surface. To deteraiine whether anti-(^78 scFv can reveres 

Grp78-scFv cloiie-19 was. added to &e culture medium. Control cells were treated with 
10 ng of scFvr20 (a negative control scFv that does not recpgruze Gip78). Treatment of 
the cells for 48 h resulted in a significant (mbre flian 50%) reduction in cell survival in 
TG-treated NOgenerating cells, while treatment with the same concentration of control 

15 antibody had no significant effect on cell viability. Wliile NO-generating cells exhibited 
very little apoptosis, the Grp78-scFv clone-19 treated bells showed considerable 
£5)Optosis following staining with Hoechst 33342. (see Fig. 5). 

Cell viability was determined using the LDH assay (Roche, Lewes, UK), and 
. nuclear chromatin condensation was detected using exposure to the Hoechsf dye 

20 H33342 (10 ng/ml) for 15 min Nuclei were visualized using a Leica DMIRB inverted 
fluorescence microscope. For each sample, a minimum of 200 cells were counted, and 
condensed or fragmented nuclei were expressed as a percentage of the total number of 
. nuclei. To ftuther test the fractional significance of the scFvantibody,^ 
cancer cell line ZR75-1 and prostate cancer cell Une PC3 were plated (at a density of 0.5 

25 X 10^ cells/ml) on 35mm Petri dishes. When the cultures reached 10-20% confluence, 
50 Jig of purified antibody was added to the culture medium, and cells coimted with a 
Coulter counter (Teclmical Conmiunications, Coulter Electronics^ 
indicated in Fig. 6. All cell growth experiments were performed ia triplicate. As shown 
in tbe Figure, the growth of both the breast cancer cell line ZR75-1 (A) and tiie prostate 

30 cancer cell line PC3 (C) is significantly retarded following treatment with the anti- 

ap78 scFv-1 9, while the growth of the non-breast canca: luminal cejl line HB3 (B) is 
not affected. 
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■ Discussion . • : 

M summary, we have demonsta 
endoplasmic reticulum chapes 
been showii to be involved in a majblr ^ 
5 functions as a molecular chaperone by associating transientiy with nascent proteins as ... 
they traverse the ER and aiding in their folding and tran^ In this compartment^ . 
Grp78 also functions as a Ca^*^ storage protein. Agents such as thapsigargin, that induce . 
calcium dq)letion froni tiie ER by inhibiting ER Ca ATPase induce Grp78 expression, 
which in turn, provide cytoprotectiye response to cytotoxic cascades involving perturbed 
10 calcium homeostasis and oxygen-radical production. Indeed, we have demonstratied 
here bat NO-mecfiated Gip78 up- 

tha5)sigargin-mediated ^ptosis/ It is possible that thq NO-mediat^ 
initbchondrid respiration are integrated parts of an overaU respon^^ 
intracellular calcium that are central to the control of cellular meta£blism» cell cycle, 
15 signal transduction, protein synthesis, traiiiscpption^ 

conditionis as perturbation of protein folding and accumulation of ihis-folded proteins in 
the ER (that induce ER stresis) appear to act at an early ^ 

prior to disraption of calcium homeostasis, excessive accumulation of reactive oxygen 
species (RO) and mitochondria dysfunction. By regulating the major ER chaperone 

20 Grp78, NO could play an important role in ER-mediated Ga homeostasis regulation. 

It is interesting to note that both inducible nitric oxide synthase and Grp78 are . . 
involved in cellular survival during chronic hypoxia. In poorly vascularised solid 
; tumors, where glucose deprivation; chronic anoxia, and low pH are known to persist, 
Grp78 has been found as one of the major stress inducible proteins. 

25 It is possible that the increase in NO inay protect cancer cells in soUd tumors, 

allowing them to survive the hypoxia, low glucose and disruption of calcium 
homeostasis, which is fiequentty observed in breast cancer development NO can 
increase Gip78 via a mechaiiism involving regukted intramembrane protTO^ 
The increase in concentration of NO m a cell leads to the flux of Ca?"*" ftrough the 

30 initochondrionwluch in tum activates the membrane-bound protease SIP (site-1 
protein). SIP cuts the membrane bound transcription factor ATF6, resulting in the 
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production of a soluble ^SOATEQ form of the transcription fiictor that migrates to the 
nucleus and upregulates Gip78 expression 

In cancer, up-regulation of Grp78 has been shown to result in increased 
resistance to ceU-mediated lysis by cytotoxic T lymphocytes ((^^ 

5 factor (T^IF), while cells unable to induce Grp78 cannot form tumors. In addition, 
induction of Grp78 expression correlates with the development of re^ 
. tumor drugs. Recent expriiments have reported that Grp78 can be found on the su^^ 
of ceUs, including tumour ceUs/and a G]p78-bin(Ung pepti^^ 
dehvery of a cytotoxic peptide sequence both w w/ro and w 

1 0 localization of Gip78 may make it an ideal target as a diagnostic marker in cancer 

screening. Surprisingly^ the Grp78-scFv clone-19 antibody described here is not only 
able to identify surfece-lbcalized Gip78, but is also able to reverse the cytoprotective 
properties of Grp78. While trealinent with Grp78-scFv clone-19 can result in 
^optosis, the cell death effect is more pronounced in combination with TO, . 

15 Interestingly, modified TG analogues coupled to a peptide carrier that is a substrate for 
the prostate-specific antigen (PSA) are under evaluation as a treatment for prostate 
cancer. Overall it is possible that the Grp78-scFv cl6ne-19 antibody described here 
make a novel therapeutic approach possible for flie treatment of cancers (^^ 
combination with TG analogues) where GTp78 is over-expressed. 
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CLAIMS ■• 

1. A method for identifying a substance w 
resistance to a chemotherapeutic ag^t or a radiotherapeutic agent and/or which may be 
used in the treatment of a cancer, which method comprises deteimining whether a test 

5 substance is an inhibitor of Glucose-regulated protein 78 (Grp78). 

2. A method according to claim 1, comprising determining wheth^ the test 
substanceis an inhibitor of Gip78 expression and/or activity. 

3. . A method according to claim 1 or 2, wherein determining whether a test 
substance is an inhibitor of Grp78 comprises: 

10 (i) providing a population of cells which is equable of jgenerating NO; 

(u) contacting the population of cells with fiiapsigargin or an analog thereof 
under conditions that lead to the generation of NO by the cell population, in the 
presence of the test substance; and 

(iii) deteimining the proportion oftheceU population which dies th 
15 determine whether the tiest substance is capable of inhibitiiig or preventing 

resistance to a chemother^eutic agent or a radiotherapeutic agent. 

4. A method according to claim 3, wherein cells of the NO population 
capable of generating NO contain a polynucleotide construct, which cohistnic^ 
comprises: 

20 (a) a promoter operably linked to a coding sequence, wherein the promoter 

is responsive to ecdysone or an analog thereof and the coding sequence encodes 
a nitric oxide synthase (NOS) or a fimctional variant thereof; or 
(b) a promoter operably linked to one or more tetracycline operator site 
sequences and a coding sequence in that order, wherein the coding sequence 

25 encodes a nitric oxide synthase (NOS) or a functional variant thereof. 

5. A method according to claim 2, wherein determining whether the test 
substance is an inhibitor of Grp78 expression comprises: 

(i) providing a cell containing a polynucleotide construct, which 
polynucleotide construct comprises a Grp78 proihoter, or a fimctional variant 
30 thereof, operably linked to a coding sequence; 
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(ii) contacting tlie cell vdth the test substance tinder condilioiQS which in the 
• absence of the t^t substance wo^^^^ 
' * ■ -and'- . • 

(ill) determining whether the test substance inhibits Kqjressira^ 
5 . substance thereby to detenxiine whether the test substance is an 

Grp78 expression. 

6. . A method according to claim 2, wherein determining whether the test 
substance is ah.inhibitor of Grp78 activity comprises determining whether or not the test 
. . substance is capable of binding to Grp78: 
10 7. A method according to claim 2 or 6, wherein deteniiir^ 

test substance is an inhibitor of Gipi78 activity 

(i) providing a <^78 or a functional variant thereof^ 

(ii) contacting the G]p78 with fte test su^ 

absence of the test substance would lead to activity of the Grp78 or functipnal 
15 variant; and 

(iii) detenmningwhe&er the test substance in^ 

iftinctional variant thereby to detennine whether the test substance is an inhibitor 
of Gip78 activity. 

8. A method according to any one ofclaims 2 to 7, wherein the test 

20 substance is an antibody. 

9. A method according to claim 8, wherein the antibody is a single-chain 

antibody variable fragment (scFv) 

10. An inhibitor of Grp78 for use in a mefliodoftreatmentofthe human or 

animal body by therapy . 
25 11, AninMbitora;ccordingtpclaimlOforuseiQiiiMbitingorpreven^^ 

resistance to a chemotherapeutic agent or a radiotherapeutic agent. 

12. An inhibitor according to claim 10 or 11 for use in the treatment of 

cancer. 

: 13, An inhibitor according to any one ofclaims 10 to 12 which is an scFv 
30 haying the ammo acid sequence set put m SEQ ID NO: 2 or a functional variant thereof 
14. Use of an inhibitor of Gip78 in the manufacture of a medicament for use 
in inhibiting or preventing resistance to a chemotherapeutic agent or a radiothera 

agent. 
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: 15. Use of m inhibitor of aNOS in the manufacture of a medicament for use 
in inhibiting or preventing resistance to a chemotherapetxtic agent or a radiotherapeutia 

ag^ait. ' ; •. * ' 

16. Use ofan inhibitor ofaGip78 in the manu^^ 

5 use in the treatment of a cancer. 

17. Use according to any one of claim^ 14 to 16 wherein the inhibitor is an 
scFv having the amino acid sequence set out in SEQ ID NO: 2 or a functional variant 
thereof. 

18. Amethodoftreatiagorprevmtingresistanpetoachemot^ 

• 10 agent or a radiotherapeutic agent in a host, which method comprises the step of 
admuiistering to the host an effective amount of m inhi^^^^ 

19. A method oftreating a cancer in a host, which mettiod compri 
of administering to the host an effective amount of an inhi 

15 20. A method accordittg to dlaim 18 or 19/wherein the inhibitor is an^^^ 

having the amino acid sequence set put in SEO ID NO: 2 or a functional variant thereof. 

21. A substance identified by a method according to any one of claims 1 to 

9. ••■ 

22. A substance according to claim 21 for use in a method of treatment of. 
the human or animal body by therapy. 

23. A substance according to claim 22 for use in mhibiting or preventing 
resistance to a chemothen5)eutic agent or a radiotherapeutic agent. 

24. " A substance according to claim 23 for use in flie treatment of a cancer. 

25. A substance according to any one of claims 22 to 24 which is inhibitor is 
ah scFv having the amino acid sequence set out m SEQ ID NO: 2 or a functional variant 
thereof 

26. Use ofa substance according to claim 21 in the manufectiffe of a 
medicament for use in inhibiting or preventinig resistance to a chemotherapeutic agent or 

a radiotherapeutic agient 

27. Use bfa substance according to claim-21 in the nianufacture of a 

medicament for use in the treatment of a cancer. 
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• .59-' •;■ ■ : ' 

28. IJse according to claim 26 or 27; wherein the substance is an scFy having 
. : the amino acid sequence set out m SEQ ID NO: 2 or a; functional variant thereof. 

29. A method of treating or preventing resistance to a chemothierapeutic 
agent or a tadiptherapeutic agent in a host, which method comprises^^^^^^ 

5 ■ administering to the host an eflFective amount of a substance accordin 

30. Ameithod of a cancer in a host^ which method comprises the step of : 
. admimstering to the host an eJBFective amount of a s^^ 

31. A method according to claim 29 or 20, wherein the substance is an scFv 

h^^ 

. 10 . / . . -•. . : : 

32. Inducts containing an inWbitor of a NOS and a 

or a radiotheng)eutic agent as a combined preparation for simultaneous, separate or 
secpiiential use. in the treatment of a cancer. . 

33 ProductscontaiiiinganinMbitbrpf Gip78 andachemotheiapeutici^^ 
15 or a radiotherapeutic agent as a combined preparation for simultaneous, sq)arate or 
sequential use in the treatment of a cancer. 

* 34. Products containing a substance according to claim^ 2^ 
chemotherapeutic agent or a radiotherapeutic agent as a combined preparation for 

simultaneous, separate or sequential use in the treatment of a cancer. 
20 35- Products according to any one of claims 32 to 34, wharein the substance 

is an scFv having the amino acid sequence set put in SEQ ID NO: 2 or a functional 
variant thereof. 

36. Useofaninhibitorof aNOSinthemanufactureof amedicamentforuse 
with a chemotherapeutic agrat or a radiotherapeutic agent in the treatment of a 
25 37. Useofaninhibitorof Gip78m the manufacture of a m^^^^ 

with a chemothCT2q)eutic agent or a radiotherapeutic agent in the treatment of a cancer, 

38. Use ofa substance according to claim 21. in ihe mani^^ 
medicament for use witti a chemotherapeutic agent or a radiotherapeutic agent in the 
treatment of a caacer. 

30 39; Use according to any one of claims 36 to 38, wherein the substance is an 

scFv having the amino acid sequence set out in SEQ ID NO: 2 or a functipnal variant 
thereof. 
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40. A method of treating a host suffering froma cancer, which method 
comprisds the step of administering to; the host effective amoiuits of ah inhibitor of NOS 
.. and achemotherapeuticagentoraradiothenq)euticagent, 

41 / A method of treating a host suffering from' a cancer 
5 comprises the step of administering to the host effective amounts of an inhibitor of 
Gip78 and a chemotherapeutic agent or a radiothd:apeutic agent. 

42/ A method of treating a host suffering firom a cancer, which method 
comprises the step of administering to the host effective amoimts of a substance 
according to claini 21 and a chemotherapeutic agent or a radiotherapeutic agent. 
10 43. A method according to any one of claims 40 to 42, wherein the substance 

is an scFv haying the amino acid sequence set out in SEQ ID NO: 2 or a functional 
variant thereof . /. 

44. Anaethodfordetenniriingthepresenceof ac^ 
method comprises typing the gene encoding Gip78 in the subject: 
15 45. A method according to claim 44, wherein Re typing c^ 

determiimg the amount of egression of the gene ^cod^ 

46. A method accordiiig to claim 45, wherein inareased^e^^ 

gene encoding Gip78 in a tissue of the subject, as compared to the amount of e3q>ression 
of that gene in a subject which does not have a cancer^ or as compared to non-cancerous 
20 tissue of the subject, indicates the presence of a cancer in the subject. 

47. A method according to any one of claims 44 to 46, wherein the typing is 
carried out by use of an antibody. 

48. A method according to claim 47 wherein the antibody is an scFv having 
the amino acid sequence of SEQ ID NO: 2. 

25 49. An scFvhaviiigthe sequeiice setoutinSEQIDNO: 2drafimctional 

variant thereof. 
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E V Q li V B S G G G V V .Q P G R: S 
GAG GTO CW3 CTO GTG GAG TCT GGG GGA GGC GTO GTC CAG CCT GGG AGO TCC 
9 18 . 27 . 36 4S . . ^ 



S 



S 



F 



F S 



CDR HI 
S Y 



M 



H 



W 



CTG AGA CTC TCC TGT GCA GCC TCT GGA TTC ACC TTC AGT AGC TAT GGC ATG CAC TGG 
60 69 78 87 . .96 105 - 



GTG OGC CAG QCT CCA GGC AAA GGG CTG GAG TGG GTG GCA .GTT ATA TCA TAT GAT GGA. 
117 126 : . 135 . 144. 153 162 



B 



.. CDR H2 
V I S 



S N K Y Y : A D S V K Q R F T I S R D N/ 
AGT AAT AAA TAC TAT GCA GAC TCC GTG AAG GGC CGA TTC ACC ATC TCC AGA GAC AAT 
174 183 / 192 201 210 219. 

S K N T t. y L B ' M N . S L R ' A ,E D; . T: A *. V .. . 
TCC AAG AAC ACG CTG TAT CTG CAA ATG AAC AGC CTG AGA GCT GAG GAC. ACQ GCC GTG.' 
. 231 240 249 258 267 276. 



N 



CDR H3 
S T 



E 



W 



TAT TAG TGT GCA AGA AAG ATT AAT AGT AGO AAG GAQ GTG. TGG. GGC CAA GGT ACC CTG . 
288 . 297 306 315 324 333 



V T V S S O Q G G S G G G G S G G S A 
GTC ACC GTC TCQ AGT GGT GGA GGC- GGT TCA GGC GGA GGT GGC TCT GGC GGT AGT GCA 

363 372 381 390 



345 



354 



L Q S V Ii T Q P P S A S . G T P G . Q R , V 
CTT CAG TCT GTG CTG ACT CAG CCA CCC TCA GCG TCT. GGG ACC CCC GGG CAG AGG GTC 
402 411 420 : . 429 438 447 



S 



CDR 111 
S S 



S 



N 



S N 



ACC ATC TCT TGT TCT GGA AGC AGC TCC AAC ATC GGA AGT AAT TAT GTA TAC TGG TAC 
459 468 477 • 486 495 504 
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CDR L2 
N N 



R 



CAG CAG CTC CCA GGA ACG GCC CCC AAA CTC CTC ATC TAT^AGG .AAT AAT CAG CGG CCC 
516 . 525 534 543 552 • 561 
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K S 
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S 



TCA GGg'^TC CCT GAC CGA TTC TCT GGC TCC AAG TCT GGC ACC TCA GCC TCC CTG GCC 
.573 582 - 591 600 609 618 
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Y 



CDR Ii3. 
A A 



ATC AGT GGG CTC CGG TCC GAG GAT GAG GCT GAT TAT TAC TGT GCA GCA TGG GAT GAC 
630 639 648 .657 666 675 
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<ilO> tJHIVBRSITY COU^GB LONDON 
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. . CANCERS .. ■ •. . 

<130> N.9i244k 6CW 

^150> GB 0404936.7. 

<15i> 2004-03-04 

■<i6o> 2 ■' ' ' • ■ V;' : 

<170> PatentIn version 3.0 

<21p> 1 

.<211> 777 

<:212> DNA 

<213> Artificial 

<220> • ■ . 

<221> CDS. 
<222> (l)./(777> 



.<400> 1 

gag gtg cag etg gtg gag tct ggg gga ggc gtg gtc cag cct ggg agg 
Glu Val Qln lieu Val Glu Ser Gly Gly Gly Val Val Gin Pro Gly Arg 
1 5 10 15 

tec ctg aga etc tec tgt gea gcc tct gga ttc acc ttc agt age tat 
Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Plie Ser Ser Tyr 
20 25 30 

ggc atg cac tgg gtc cgc cag get cca ggc aaa ggg ctg gag tgg gtg 
Gly Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 

• • 35 ■ 40 •• ■ • 45 - • • ; • ^ ; • . 

gca gtt ata tea tat gat gga agt aat aaa tae tat gca gac tec gtg 192 
Ala Val He Ser Tyr Asp Gly Ser Ash Lys Tyr Tyr Ala Asp Ser Val 
50 55 60 



48 



96 



144 



aag ggc cga ttc acc ate tec aga gac aat tec aag aac acg ctg tat 
Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 
65 * 70 75 80 

ctg caa atg aac age etg aga get gag gac acg gee gtg tat tac tgt 
Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 

gca aga aag att aat agt acg aag gag gtg tgg ggc caa ggt acc etg 
Ala Arg Lys He Asn Ser Thr Lys Glu Val. Trp Gly Gin Gly Thr Leu 
100 105 110 



240 



288 



336 
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gtc acc.gtc teg agrt ggt gga ggc ggt tea ggc gga ggt ggc tct ggc 3B4 
Val Ihr Val Ser Ser Qly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly 
•..115 -120 125 • ; ■ 



ggt agt gca ctt cag tct gtg etg act cag cca ccc tea gcg tct ggg 
Gly Ser Ala Leu Gin . Ser Val Leu Thr Glh Pro Pro Ser Ala Ser Gly 
130 135 140 

abc cee ggg cag agg gtc aco ate . tct tgt tct gga age age tee aae 
Thr Pro Gly Gin Arg Val Thr. He Ser Cys Ser Gly Ser Ser Ser Asn 
145 150 155 160 

ate gga agt aat tat gta tac tgg tac cag cag etc cea gga acg gcc 
He Gly Ser Asn !Pyr Val Tyr* Trp Syr Gin Gin Leu Pro Qly lhr Ala 
: 165 170 175 

ccc aaa etc etc ate tat agg aat aat cag egg ccc tea ggg gtc cct 
Pro Lys .LeU Leu He Tyr Arg Asn Asn Gin Arg Pro Ser Gly Val Pro 
180 185 190 

gac cga ttc tct ggc tec aag tct ggc acc tea gcc tec ctg gcc ate 
Asp Arg Phe Ser Gly .Ser Lys Ser Gly Thx Ser Ala Ser Leu Ala He 
195 200 205 



gat gac age ctg aat cet ctt gtt gta ttc ggc gga ggg ace aag etg 
Asp Asp Ser Leu Asn Pro Leu Vai Val Phe Gly Gly Gly Thr Lys Leu 
225 230 235 240 

aco gtc eta ggt gcg gee gca cat cat eat eae cat cae ggg gcc gca 
Thr Val Leu Gly Ala Ala Ala His His His His His His Gly Ala Ala 
245 250 255 

' - gaa caa aae 
;Glu Gin Asn 

<210>- 2 

<211> 259 

<212>r PRSP 

<213> Artificial 

<400> 2 

Glu Val Gin. Leu Val Glu. Ser Gly Gly Gly Val. Val Gin Pro Gly Arg 
1 5' • ■ ■ ■ . ' -10. . 15 .-■ 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe thx Phe. Ser Ser Tyr 
20 25 30 



432 



480 



528 



576 



624 



agt ggg etc egg tec gag gat gag get gat tat tac tgt gca gca tgg 672 
Ser Gly Leu Arg Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Ala Trp 
210 215 220 



720 



768 



777 



Gly. Uat His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 

• ; • 35 • " ■ * 40 ,. . 45 ■ . 
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Ala Val lie Ser Tyr Asp 61y Ser Asn Lys •Tyr Tyr. Ala Asp Sor Val 

50 55 

Lys 61y Arg Phe Dhr lie Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 
65 70 . . 75. 80 



Leu Gin Met Asia Ser Leu Arg Ala Glu Asp Ihr Ala Val Tyr Tyr Cys 

• 85 " • • .• '90" '95- . 

Ala Argr Iiys Xle Asn Ser iEhr Lys Olu Val Trp Oly Gin Gly Thr Leu. 
100 105 110 

Val Thr Val Ser^ Ser Gly Gly Gly Gly- Ser Gly Gly Gly Gly Ser Gly 

115 • • ■ ' 120 •'. . / .. ' '125 " 

Gly Ser Ala Leu Gin Ser Val Leu Thr Gin Pro Pro Ser Ala Ser Gly . 
130 135 140 

Thr Pro Gly Gin Arg Val Thr He Ser Cys- Ser Gly Ser Ser Ser Asn 
145 150 155 . 160 

He Gly Ser Asn Tyr Val Tyr Trp Tyr Gin Gin Leu Pro Gly Thr Ala 
165 170 175 

Pro Lys Leu Leu He Tyr Arg Asn Asn Glh. Arg Pro Ser Gly Val Pro 
180 185 190 

Asp Arg Phe Ser Gly Ser Lys Ser. Gly Thr Ser Ala Ser Leu Ala lie 
195 200 205 

Ser Gly Leu Arg Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Ala Trp. 
210 215 220 

Asp Asp Ser Leu Asn Pro Leu Val Val Phe Gly Gly. Gly Thr Lys Leu 
225 230 235 240 

Thr Val Leu Gly Ala Ala Ala His His His His His Hiis Giy Ala Ala. 

245 250 255 



Glu Gin Asn 
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